Table 8-7

CHEMICALS DETECTED IR
UNFILTERED SURFACE WATER SAMPLES

DO

Frequency of betection

"7 Tsample ' Range of
MCL . Quantitation Detected Background
Above {value Limits ~ Concentrations Levels
Chemical overall .. MCL {rg/L) {ug/L} {#g/L} {p#g/L}
Inorganics o e .
Aluminum 1,17 1 50 - 200 (s) 200 558 139
Arsenic* 8,17 o . 2 50 10 3.1 - 143 ND
Barium 1717 . 0 1,000 200 20.7 ~ 287 73.7
Calcium 17417 Na "7 NA 5,000 2,860 - 69,500 6,250
Chromium* 2717 . .2 100 N 135 -~ 153 2.4
Copper™* 2717 0 1,300 (p) 25 181 - 207 ND
1,000 (s}
Iron T17/17 17 300 (s} 100 821 — 21,800 1,950
Lead 12717 -4 ——- 5 {p) 5 1.8 - 403 2.9
Magnesium 17/17 CNA T NA 5,000 1,110 - 89,700 2,560
Mangaﬁese 13,17 13 LT B0 (s) 15 18.4 - 568 53.8
Mercury 7/17 -0 5 2.0 e 2002 .21 —~ .86 ND
Potassium 15/17 Ha Ra S, 000 1,380 - 35,300 2,010
Sodium 16/17 NA RNA 5,000 1,900 - 744,000 8,880
Vanadium 2717 NA RA 50 37.9 - 43.1 ND
Zinc es17 —~— 0 5,000 (s} 20 3.2 - 1,690 8.2
Cyanide 1417 o 200 (p} 10 26.4 ND
= - 03{UZ]ZD3081:D3123,/4062,14
Key at end of table.
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Table 2-7 {Cont.)

Fregquency of Detection

"~ Zample = “Range 5F
MCL Quantitaticen Detected Background
Above (value Limits Concentrations Levals
Parameter Overall MCL (vg/L} {pg/L) (#g/L) (pg9/L})
ORGANICE
Semi-volatilex
4-msthylphenol 1717 HA 10 10 ND ND
Pyrane 1/17 Ra KA 1¢ 2.0 ND
Butylbenzylphthalate 1,17 NA NA 10 4.0 8D
Volatiles
Diaxin/Fursns® /3 WA NA 0.34 - 0.63 5.8510 - 7.0080 XD

eyt

ND = Not datecied.
NA = Not available.
{p} = Proposed.

* w Chemical of potential concern.

{8} = Secondary MCL based on assthetic factors.

Source: Ecology and Eavironment, Inc. 1%81.

8-16

AR301373

© 021Uz ]ZD3081:D3123/4062/14

Note: Dioxin sguivalent factors were reported in unfiltered wastewater samples only. They
are not reported here because there is no complete exposure pathway.




Table %-8

CHEMICALS DETECTED IN SEDIMENT SOIL

17.600 - 123.200

e P
Range of
Frequency - Range of Sample Detected Background
of Quantitation Limits Concentrations Levels
Chemical _ - Detection_ . _ {(pg/kg) {raskg) {rg kg
Motals . e - E— - S e e e =
Aluminum 18418 ... . ©0.471 - 1.205 400,000 - 17,200,000 8,700,000
Antimony . . 2/18. 0.141 - 0,361 3,000 - 8,500 ND
Arsenic* - -16/18 . 0.024 - 0.060 1,600 — 72,000 2,200
Barium ' 1618 0.471 - 1.205 " 9,000 - 143,000 35,300
Beryllium 718 . .. ..0,012 - 0.030 £50 ND
caleium 18,18 11.779 - 30.120 242,000 - 52,900,000 461,000
Chromium* . 18/18 ©.024 — 0.060 2,800 — 39,000 11,500
cobalt . : > 3/18 0.118 - 0.301. 2,600 ~ 7,400 ND
Copper* 13,18 .. .. 0.059 - 0.151 3,400 - 17,100 6,300
Iron T 18180 7 T0.236 — 0,602 819,000 ~ 42,700,000 5,060,000
Lead 18,18 p.012 - 0.030 7,600 — 56,200 24,200
‘Magnesium 16418 11778 - 30,120 119,000 — 2,440,000 690,000
Manganese 18718 . .. 0.035 ~-0.050.° 4,500 - 628,000 17,000
Mercury . ...3/18 0.0005 ~-(.0012 - - - 210 = 260 ND
Nicksl 7/18 0.094 — 0.241 5,000 — 39,100 3
Potassium : iz/1e 11.779 - 30.120 13$,000 — 1,160,000 €95,000
Sodium 18/18 11.779 — 30.120 29,100 - 1,260,000 313,000
Vanadium 14/18 0.118 - 0.301 3,300 = 60,000 13,700
Zinc ©- - 1B/1B 0.047 - 0.120 " '13,800 --107,000 18,300
cr (viyr 14719 T 10 --370.1 . 107
Semi-Volatiles e e e e e ey o . - .
4-Methylphenol. R W B -...3.630 < 25.410 110 ND
Naphthalene 2717 T 3630 - 25.410 230 - 5,300 ®D
2=-Methyl= ... . —woee L amEsm.as . rememee wETEES AT . T -
naphthalene 117 .- ._3.630 —-25.410 12,000 ND
Dibenzofuran 117 3.630 .~ 25.410 - 710 ND
Di-n-butyl S I - ) -
phthalate 1/17 3,630 - 25,410 280 ED
Pentachlorophenol* _ 4,20 _. 1,200 - 230,000 RD

Key at end of table.
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‘rable 8- {Comt.)}
Range of
Frequency Range of Sample Detected - Background
of Quantitation Limits Céficentrations Levels
Chemical Detection {pgrkyg) {pg/kg) {vg/kg)
Sami-volatiles {Comt.] _ _ 7 7
Phenanthrens 2,17 3.350 -~ 25.410 300 - 5,700 N
Fluoranthehe 2717 3.360 ~ 25.410 — 140 -~ 340 ND
Benzo{x)}- .
anthracene 2717 3.630 ~ 25.410 180 - 200 ND
Chrysane 2/17 3.630 - 25.410 200 -~ 210 ND
bis(2-Ethyl- .
hexyliphthalate 8/17 3.630 ~ 25.4210 3% - 520 ND
Benzo(b)- e . L - R - —
fluoranthene A% 3.630 - 25,410 260 — 290 ND
Indeno{l,2,3-cd}
pyrene 117 3.630 ~ 25.410 100 | ND B
Fluorene 1717 3.630 ~ 25.410 2,600 ND _
Benzo{g, h, i}~ - : N L -
perviens ) 1717 3.630 - 25.410 ) .- 130 ) YD -
Vaolatiles o
Acetone 3,17 0.120 - 0.600 120 - 210 100 )
Carbon disulfide 1717 0.060 - 0.300 5 ND _
2-Butanone /17 0.120 - 0.600 . i 25 - 41 - 10
Toluane 5/17 0.060 = 0.300 5 - 60 ND _
Ethylbenzene 2/17 0.060 - 0.300 10 - 140 - __ . jups)
Etyrene 1/37 0.060 - 0.300 5 ND
Xylenes (total) 4,17 0.060 — 0.300 5 — 2900 __ND .
Cthears B - o
2378-TCDD 111 e — - 0.570. ND
Dioxin/furans* 11/11 0D.078 - 0.57 .. 0.0010 - 15.3050 . . RD
{TEFs] {TEFs} B
TPH 17/1% 75,000 8,620 — 797,000 8,620
D2Z(UZ12ZD3081:03123,/74066/15. . o B
Key:
*pDioxin/furans results are indicated in TEFs. -- )
NA = Mot available.
ND = Not detected. —
Source: Ecology and Environment, Inc. 19%91. [ R — e o )
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Table 8-9

CHEMICALS DETECTED IN FILTERED
{ GROUNDWATER SAMPLES

Frequency of

Detection.
_______ e e . . Sample Range of
guantitation Detected Background
Above MCL Limits Concentrations Levels
Chemical Overall MCL {rg/L) (wgrsL} {vg/L) {#g/L)
Metals . . Ll e e e de e e L e . e -
Aluminum 5/18 3 50 — 200 (=) 200 45.9 — 1,180 256
Arsenic* _ 4,24 R 50 Cle - 3.0 — 49 4
Barium 14418 0 1,000 200 .7 13.4 - 76.4 42.6
Calcium 18/18 NA " NA 5,000 11,400 — 153,000 9,010 - 38,200
Chromium* 3/24 0 : o100 Tl T 7.7 - 27.8 ®D
Copper* 2,24 0 1,300 (p) 25 8.8 - 11.2 ND
1,000 (s}
Irén ~ =~ 5718 4 300 (s) 100 5.4 — &,580 21.2 ~ 35.6
Lead 3/18 5.} 5 1.1 - 6.5 ND
 Magnesium 17,18  Na . mNa 5,000 842 - 6,370 768 — 4,240
Manganese  16/18 13 —.....50 (s) 15 . . 8.6 — 841 24.6
. Potassium 17/18 Na NA 5,000 1,180 — 27,400 6,660 — 21,800
Selenium 118 S8 R T .5 . ‘2.3 ND
Sodium 16/18‘ __.NA NA 5,000 5,840 - 38,500 13,100 - 35,600
Vanadium 1/18 . NAa NA 50 5.1 ND
Zine - - — 9/18 0 5,006 (s} 20 13.0 - 263 306.4 - 35.3
T 021UZ)205081:D31235,74191,/16 T
Key: . - e e e - . B
* Chemical of petential concern.

ND

=

= Not detected. P e e e e s
N3 = Not available.
ip) = Propoesed. . B
{s) = Secondary MCL based on aesthetic factors.

" Source: Ecoclogy and Environment, Inc. 19%1. .. . ... I
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were not included where the frequencies of {parameter) detection and
overall ranges of analyzed parameter concentrations in the tables found

in Section B were listed. Therefore some variations in frequencies and

ranges will be observed when comparing tables in Section 8 to the more
general tables found in Section 5.
The chemicals of potential concern identified during this RI - i

include:

o Arsenic, copper, chromium, pentachlorophenol, and
dioxin/furans in soils in the wood treatment and conical B
burn pit . areas;

o Arsenic, copper, chromium, and dioxin/furans in surface
soils widely distributed on the Saunders Supply Company
property;

o Dioxins and pentachlorophenol in sediments in the
wastevater treatment pond;

o Pentachlorophenol in groundwater near the conical burn pit
and wood treatment areas; and

¢ Dioxin/furans, arsenic, chromium, and copper in water and
sediments in the runoff water catch basins. .)

Other than in the water samples taken from the run-off water catch
basins (see discussion in Section 5), no contaminants related to wood
treatment operations were detected at concentrations significantly

higher than local background values in surface waters. .. .

8.3 EZPOSURE ASSESSMENT
Bxposure assessment procedure involves evaluating study area
characteristics, identifying potentially exposed populations,

understanding fate and transport of contaminants, and identifying : -

potential exposute pathways. The study area history, setting, nature
and extent of contamination, and fate and transport of contaminants have
been described fully in Sections 1, 2, 4, 5, and 6 of this report.

Below is 2 brief summary of the information relevant to the risk -
assessment. Based on these conditions, the exposure estimates are

presented, followed by a discussion of the exposure estimate .=

limitations. B
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8.3.1 Characterization of Site Settlng

The Saunders property is located within the v111age of Chuckatuck,
a rural area of the consolldated 1ndependent City of.Suffolk. The City
of Suffolk encompasses 430 square miles of urban, suburban, and rural
areas. In 1988, the City of Suffolk had an est1mated population of
52,200 personis (U.S. Department of Commerce, Bureau of the Census 1989).
According to EPA’s Geographical Exposure Modeling System {GEMS), 4,277
persons live within 2 miles of the Saunders property (based on 1983
population estimates) and 4,930 persons live within 4 miles of the site.

Land in the City of Suffolk is prlmarlly undeyeloped.

Approximately 70% is forested, opeh 15535, or lakee Agriculture

represents 25% of the land use; residential use 15 3/, commerc1a1 uses

are 1%; and manufacturlng less than O. 57 (Vacalls 1990) Land use

within 1 mile of the Saunders property 1SVPr§§qm1§antly agricultural and
rural.residential. R

Saunders Supply Company is located along State Route 10/32 (Godwin

Boulevard) near the intersection with State Route 125 (Kings Highway).

State Route 10/32. is the eastern boundary of the property. At this

intersection, there is a concentration of residential and commercial

establishments, which decrease in density less than 0.5 mile from the
intersection. A fire station is. located to the southeast of this
intersection. - .

The northern edge of the Saunders property ahuts several residences
and a commercial nursery. Residences also abut the southern edge of the
property, located along Crumpler Lane, and the southwestern edge of the

property. At the corner of Crumpler Lane and Godwin Boulevard is a gas

station. _To the west of the property is an 1nterm1ttent stream, which

~crosses the nursery and flows into Godw1n s Mlllpond, a mun1c1pa1
drinking water source and potential flsh1ng water body, located approx-

imately 500 feet north of “the éaunders property. The Saunders property

is underlain by an upper unconsolidated aquifer and a lower confined
aquifer. The upper unCOhe51idated'Colﬁﬁpian aquifer discharges
primarily to the intermittent stream and Godwin’s Millpond. The lower
confined Yorktown azquifer discharges primarily to Godwin's Milipond.
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Godwin’s Mill pond, Lone Star Lakes and the G. Robert House - , _
fluoridation well are the primary water supplies for the City of
Suffolk. Water supply wells formerly uSed by the village 6f Chuckatuck .
have been shut down within the past yvear. Any homes originally serviced
by the former water supply wells currently receive their water from the
City of Suffolk. All other residences in the village of Chuckatuck are
assumed to be on individual wells. Residences and establishments
located along Godwin Boulevard, however, can tie into the City of
Suffolk’s water main, which parallels Godwin Boulevard.

8.3.2 Potentially Exposed Populations

The identity of potentially exposed populations can best be
understood by considering the nature and location of contaminants found
on the Saunders property. Contaminants related to former wood treatment
operations were found in soils throughout the Saunders property in
sediments in the wastewater pond, and in groundwater. Exposures to soil
or sediment contaminants are most likely to occur on the Saunders
property. Groundwater contaminants could migrate, potentially exposing
anyone who uses the groundwater as a drinking vater source. Currently
the groundwater at the site is not used directly for residential ‘
purposes, but flows to Godwin’s Millpond, which is a drinking water
source. ) '

Based on the characterization and current land usage in the area,
the current potentially exposed populations include. the following

groups:

o Employees of Saunders working at the Saunders Supply
Company and potentially exposed to contaminated site soilsg
and

o People drinking water from Godwin’s Millpond if and vhen it
becomes contaminated by groundwater.

Since the Saunders property is currently surrounded by residential . -
areas on three siées, it is possible that the Saunders property itself
could be converted to residential usage at some time in the future. If
this were to occur without any remedial measures taken at_ the site,

future residents could potentially be exposed to contaminants by several e

exposure routes. .)
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8.3.3 Sources and Receiving Media

The sources and receiving media of environmental contamination
associated with the Saunders Supply Company resulted primarily from
former wood treatment and waste disposal practices. . Beginning in 1964,
wood preservation activities have been performed by the Saunders Supply
company on the Saunders property. PCP solutions were used frbm
approximately 1964 to 1984; CCA solutions from 1974 to the present.

Previous activity on the Saunders property included the use of an
unlined oil/water separation pond (the former earthen berm area) located
southeast of the existing wastewater pond as an oil/water separator. A
crust-like residue, which formed on the pénd surface, was occasionally
burned as a training EXercise'fbr”the local fire department. WVater from
the unlined pond was discharged to the wastewater pond. Water from the
wastevater pond was occasionally discharged to the intermittent stream.
Vater from the wastewater pond was also used for tﬁé CCA process. Since
the conversion to the CCA process, completed in 1984, wastewater has not
been generated. (CCA is a process that is a net water user.)

Sludges removed during annual maintenance of the PCP treatment
cylinders or assécéiated oil/wvater SEparatbrs_were used on the roads
and/or around the lumber plles to control dust and veeds from approxi-
mately 1966 through 1981. ‘In 1969 a conical burner vas used to incin-
erate some of the sludges, lumber scraps, and savdust. The conical
burner ceased operations in 1974 ahd has since béen removed. Off-site
disposal of sludges generated by the PCP process took place from 1981
through 1985. = . - - —— - LT R TE T

During active. treatment operations on the 51te, treated wood has
been allowed to dry on the Saunders property Prior to 1984, treated
wood was placed on pallets located dlrectly ‘on the ground in the
southern portion of the site. Since 1984 the wood has been air-dried on
a concrete drip pad, which collects excess chemicals.

An initial remedial action was coméiéred”in 1984 to excavate the
soils beneath the conical burner and to install a recovery well.

Despite these activities soils. in the vicinity of the conical burner and
wood treating area remaln among the most heav11y coﬁfémlnated wvith

dioxin/furans and PCP, and groundwater lmmediately dowvngradient of the

8-27
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pit is contaminated wvith PCP. Shallow groundvater flows to the inter-
mittent stream; deep groundwater flows below the nursery property to

Godwin‘’s Millpond. Dioxin/furans were dlso found in high concentrations

in sediments of the existing wvastewater pond, and PCP, dioxin/furans,

arsenic, chromium, and copper are widely distributed in site soils.

B8.3.4 Pate and Transport of Contaminants in the BEnvironment
A variety of environmental and chemical-specific factors influence .
the fate and transport of contaminants in the environment, as was
discussed in detail in Section 6. Soils in the form of dugt_ére_raised
into the breathing zone by facility and vehicle traffic. These
surficial soils are also moved off the Saunders property by surface
runoff and ultimately can reach the adjacent surface waters. (This
transport pathway is discussed in Section 9, Ecological Assessment.)
Both the shallow and deep water-bearing zones beneath the site also
offer transport pathwvays for contaminants to either enter into one of
the adjacent surface waters or remain in the groundwater system. The
mobility of the contaminants in the various environmental media will be
controlled by their physical and chemical properties. These properties

are important determinants that directly reflect the exXposure potential

for humans and environmental receptors and, as noted earlier, are

discussed in detail in Section 6.

8.3.5 Exposure Pathways
Based on the RI, there appear to be five primary areas of L _

contamination associated with the Saunders Supply Company:

o Soils in the vicinity of the former location of the conical _ e
burn pit and earthen separation pond;

o Sediments in the existing vastevater pond;

¢ Surface soils widely distributed on the Saunders property
and portion of the adjoining Kelly property;

0 A groundwater plume adjacent to the conical burn pit and
wood treating process area; and

o Water/sediment in runoff water catch basins.
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The contaminants &f Freatest concern with respect to potential
current exposures are those in the surface soils. Exposure to soil

contaminants could potentially occur by three exposure routes:

0o Direct contiact with contaminated soil;
o Ingeéstion of soil by hand-to-mouth contact; and
o Inhalation of airborne particles of soil.

Exposures by these routes are most 1ike1§ to occur on the Saunders
property, and currently Saunders Supply Company employees are the main
receptors., If the Saunders property was converted to residential use,
existing subsurface soils could become surface soils as a result of
regrading the site or excavation for basements. Future residents could

be exposed to contaminants in both surface and subsurface seoil by the

same three exposure routes. oot T

Currently exposute to contaminants in sediment at the bottom of the
vastewater pond-is very unlikely. 1If, in the future, the Saunders
property was developed for regidential use, it is concelvable that the
pond could be drained, thereby exposing the sediments. Future residents

could potentially be exposed by the soil exposure pathways described

above. : - o

PCP, is also very unlikely. " Groundwater at the Saunders property is not
used as a vater supply source and, although the groundwater flows to
Godwin’s Millpond, which is a water supply source, PCP has not been
detected there. If the site was converted for residential use with
groundwater as the drinking water source, future res:dents could
potentially be.exposed to PCP by the. following pathways:

o - Ingestion of drinking water;

o Dermal contact during Showeriné}iéﬂa

o 1Inhalation of vapors during showeriﬁg. C

The contaminants féund in the water in the runcff water catch

basins are thought to be associated with the sediment (see discussion,
8-29
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Section 5) and immobile. The catch basins are covered with grates,
vhich effectively prevent exposures to Saunders Supply Company employees
and others. : , A

Additionally, sampling dovnstream of the catch basins (CE-1)
provided evidence that the sediments posed no risk to downstream
receptors. " Since the sediments in the catch basins appear to pese no
rigsk under current site conditions for normal site activities, the
sediments in the catch basins were not considered in the baseline risk

assessment.

8.3.6 Exposure Scenarios
Three scenarios, encompassing the greatest potential exposure path-

ways, are evaluated in this decument. They are:

o0 Scenario 1: Worker Exposure to Soil Contaminants;

o Scenario 2: Hypothetical Future Residential Exposure to
Soil Contaminants; and

o Scenario 3: Residential Groundvater Usage Exposures

Scenario 1 addresses outdoor exposure to adult workers under
existing conditions. Given that soils are contaminated with metals and
relatively nonvolatile organic compounds, the worker exposure scenario
addresses exposure due to ingestion and dermal absorption of
contaminants in soil, and inhalation of soll contaminants entrained in
airborne particulates.

Scenario 2 addresses soll-related exposures that could occur if. the
Saunders property were to be converted to residential use at some time
in the future. In this scenario, the same three exposure pathvays
{ingestion, dermal absorption, and inhalation) will be evaluated for
adult males and females,.teenagers, adolescents, and young children.

Scenarioc 3 addresses potential exposures to pentachlorophenel that

could occur as the result of future residential use of groundwater from

the site. The exposure pathways evaluated are ingestion of groundwater,

dermal contact during showering, and inhalation of volatilized PCP
during shovering. Because of the extremely limited data available for

the Yorktown aquifer and the limited understanding of the potential - o —

8-30

AR301387




communication between the Columbian and Yorktown aquifers, and general
groundwvater migration rates and patterns in the vicinity of the site,
the groundwater contaminant concentrations used to make exposure
estimates for this"sceﬁaridTSHBﬁld"ﬁof'Eé";géwéé-é;rfe;fesentative
concentrations that might occur at actual exposure points. The exposure
estimates for this scenario are not intended to represent actual
potential exposures, but only teo prbvide some reference points for
evaluating the risks future groundwater use might pose. For simplicity,

only adult male receptors were evaluated in this scenario.

8.3.7 Exposure Concentrations

As per USEPA guidance, the upper 953% confidence limits on the
arithmetic averages of surface éoilﬁcoﬁcéntrationé were used to estimate
exposures under the current Saunders Supply Company worker exposure
scenario. ~Since so0il would be excavated prior to residential
construction, upper 95% confidence_ 1limits for all surface soil,
wastevater pond sediment, and soil boring samples were used in
estimating exposures in the future site-use residential scenario. Table
8-12 presents the soil concentrations used in exposure estimation for
these two scenarios. : -

Only the deeper Yorktown aquifer is used as a drinking water source .
in the vicinity of the Saunders property; however,-there appears to be
hydraulic communication between the upper Columbjan water-bearing zone
and the Yorktown aquifer bene=ath the Saunders property, probably by way
of open boreholes through the intefvening_clay layer. Thus, the more
contaminated water in.the Columbian aguifer could migrate down inte the
Yorktown aquifer and increase the contaminant concentration in that
unit. '

Therefore, two exposure estimates ?égé made for the residential
groundvater use scenario, one for groundwater from the lower aquifer,
and another for groundwater from the more contaminated upper aquifer.
For the lower aquifer, there were only two usable data values, so the
maximum concentration was used as the PCP exposure concentration. For
the upper agquifer, the upper 95% confidence limit, based on six data

values, was used. The data used is summarized in Table 8-13.
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Table 8512

CORCENTRATIONS OF CONTAMINANTS USED
IN ESTIMATING EXPOSURE
TO SITE SOIL

Soil
Current Future
Site Use Site Use
Contaminant . {mg/kg)* (mg/kg)**
Arsenic 106 " 1lé
Chromium {III) 119 25
Chromjum (VI) 0.46 0.32
Copper - a7 18
Pentachlorophenol 1.6 62.6 -
2,3,7.8-TCDD Eguivalents 0.0019 0.00241

02{U2]ZD3081:D3123,/4165/35
Key:

*Upper 95% confidence limit on mean concentration
in surface soils collected on the Saunders
property only.

**Upper 95% confidence limit on mean concentration
in 211 surface scoil and seil boring samples.

Source: Ececlogy and Environment, Inc., 1991, R — -
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Table 8-13 . e - - _

CONCENTRATIONS OF PCP
USED IN ESTIMATING EXPOSURE
TO SITE GROUNDWATER

Sample Number PCP (pg/L)
Lower Aquifer
MA-8-D 160
MW-8~I3 =~ LT ottt T T T Ty
Maximum Conc#ntration T 160
Upper Agquifer
Mw-4-I1 . L. o= T T LT =Tg,000
Md=d4-§ o - = o o s-—— " T 15 000
MA=-T-IT o — o T 38
M—T-8§ - - - T 10
MW-15-TI1 Cm e e o e o - 240
MW-16-TX 1 1)
Upper 95% Confidence Limit . . ... 1z,074
o v o —mc o g
fUz)zb3081:03123,/5040,/34
Sourece; Ecology and Environment, Inc. 1991,
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8.3.8 Exposure Estimation Methods
The scenarios described above were used to estimate.potential =

exposures using equations of the form depicted in the following

equation:

{Concen- (Contact (Exposure (Exposure (Absorption
tration) Rate) Frequency) Duration) Fraction)
Intake = = - S
(Body Veight) (Averaging Time) -

As presented in the equation, exposure, or intake, is directly
proportional to the product of contaminant concentration, contact rate, -
frequency of exposure, exposure duration, and absorption fraction
divided by the product of body weight and averaging time.

Given concern for both short- and long-term public health risks,
such eguations enable estimation of both lifetime average daily intakes _
{LADIs) used in the evaluation of potential carcinogenic risks, and
chronic daily intakes (CDIs) and subchronic daily intakes (SCDIs)
calculated for pathway-specific exposure periods, which are used in the
evaluation of noncarcinogenic risks.

This section integrates populations, wood treating activities, and
exposure pathways into exposure scenarios, enabling evaluidtion of human
health risks.

Tables 8-14 through 8-22 present pathway-specific equations--the

parameter values used and the references or rationale for selecting the

values used in estimating the LADIs and CDIs. Common to all the sce- ' -
narios are fixed-receptor body weights and a common way to estimate

averaging times. Body weight for typical adult male receptors was taken

as 70 kileograms; for a 4-year old (a typical 2- to 6-year old), 16 kilo- . _—
grams; for a 9-year old (a tfpical 6- to l2-year oiE), 31:kflog}ams; for .
a 15-year o0ld (a typical 12- to 18-year old), 55 kilograms; and for an
adult female, 58 kilograms, based upon reported body weights (EPA

1988b). Typical body weights for workers were also taken as 70 kg (EPA
1989b). Consistent with the EPA-recommended approach, averaging time : -
for carcinogenic effects was taken as 70 years, the assumed length of an

average lifetime, and for noncarcinogenic effects, the product of the

exposure duration times 365 days/year (EPA 1989a) was used.
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Table B3-14

SCENARTO 1
WORKER EXPOSURE: INGESTION OF CHEMICALS IN SOIL

Equation: ST : - == !
CS X INGR x CF x FI X EF x ED
Intake {mg/kg-day) = — —— A ——
BW x AT
where: . - =
€5.= Chemical cConcentration in Soil (mg/kg)

INGR' = Ingestion Rate (mg soil/day),
CF = Conversion Factor (10 ~ kg/mg) L
FI = Fractien Ingested from Contaminated Sourcde (unitless)
EF = EXposure Fregquency (days/years)
ED = Exposure Duration (years)
BYW = sady Weight (kg}
AT = Averaging Time (perioed over which expesure 1s averaged — days)
variable Case Receptor " 'Value (Rationale/Source!
cs’” . _RME .. - Adult Upper 95% confidence limit on R
concentrations in surface soil
INGR RME . .. Adult 100. mg/day {age groups greater than 6
vears old; EPA 1989c¢}
FI —~° “TRME © -Adult 1.0 (assumed)
EF RME . Adult .- ..250 days/year
ED . RME . -Adult ' 40 years {EPA 1989%b)
BW RME Adult - 70 . kg (average; EPA 1389b}
AT~ ~ ~-RME T adult C “Pathway-spesific period of exposure

for noncarcinogenic effects (i.e., ED x
365 dayss/year), and 70 year lifetime
favr carcinegenic effects (i.e., 70
years X 365 davs/year)

G310Z]ZD3061:D3123,/3953,/30

Source: Ecology and Envirohment, Inme., 1991.
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Table 8-15 R . o

SCENARIO 1
WORKER EXPOSURE: DERMAL CONTACT WITH CHEMICALS IN SOIL

Eguxtion: .o .
TS5 x ABS X CF X SA x AF x EF » ED
Absorbed Dose (mg/kg-day! = : T
BW x AT T -
vhere:
cS Chemical Concentration in Soil (mg{;g)
ABS

»
Hy
NN MENNK NN

Fraction Absorbed (Unlgless)

Conversion Factor (10 kg,/mg}

Skin surface Area Available for Conhtact (cm /event)

50il to Skin Adherence Factor (mg/¢m

Exposure Freguency (events/year)

Exposure Duration (years)

Body Weight (kg)

Averaging Time (period over which exposure is averaged — days)

Variable Case Receptor Value (Rationale/Source}

[ = RME Adult Upper 95% confidence limit on
concentrations in surface soil o _

ABS RME Adult Chemical-gpecific value

SA RME Adult SuD_cmz {hands; surface area; EPA
1989b)

AF BME Aadult 1T45.mg/cm2 (EPA 1989b}

Er RME hdult 250 davs/vear (5 days/week for 50
weeks)

ED RME adult 40 years (EPA 198%b)

BYW RME Adult 70 kg {average; EPA 1989b}

AT . RHME Adult Pathway-specific period of exposure for
noncarcincgenic effects (i.e., ED x 363
days/year), and 70 vear lifetime for
carcinogenic effects (i.e., 79 years x
365 days/year)

il ] U2[UZ]203061:D3123,/3955,/18 -7
Source: Ecology and Environment, Inc., 1921.
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WORKER EXPOSURE:

Table 8-16

- - - -SCENARTIO 1 .
INHALATION ATRBORNE SOIL PARTICULATE

Equation:

where:

cs

Intake (mg/kg-day} =

C5 x CP x CF % IR X ET x EF % ED

Contaminant Concentration in Soil (mq/Sg)

BW x AT

recycled paper

Cr = Particulate Concentration ig Air (mg/m”)

CF = Unit Conversion Fagtor (10 7 kg/mg}

IE = Inhalation Rate (m™ honr}

ET =:'Exposure Time (hours/day}

EF = Exposure Fregquency {days/vear).  _

ED = Exposure Duration {years)

BW = Body Weight (kg) .

AT = Averaging Time (pericd over which exposure is averaged - days)
Variable case Receptor Value (Rationale/Scurce)

o3 RME Adult . Bite-specific value

cs RME Adult Upper 95% confidence limit on
cencentrations in soil

1R RME Adult — 2.5mm3/hr {moderate activity; EPA
1989b)

ET BME Adult 8 hours/day

EF RME Adult 250 days/year (5 days/week for 50
weeks ]

ED RME hdult 40 vears {EPA 19539b}

BW RME Adult .70 kg (adult, average; EFPA 1589b)

AT RME adult _ . .Pathway-specific period of exposure for
nencarc¢inogenic effects (i.e., ED x 365
days/year) and 70 vear lifetime for
carcinogenic effects {i.e., 70 years x
365 days/year)

- T 02[UZ]ZD30B1:D3123,3852/20
Source: Ecology and Environment, Inc: 1991,
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Table 8-17

SCENARIO 2 . . JR
RESIDERTIAL EXPOSURE: IRGESTION OF CHEMICALS IN S50IL

Egquation

where:

CS =

CS % IRGR ®x CF % FI X EF % ED
Intake {mg/kg-day)} = A
BW x AT -

Chemical Concentration in Soil (mg/ky)

INGR = Ingestion Rate (mg soi%/day)
CF = Conversion Factor (10 kg/mg}
FI = Fraction Ingssted from Contaminated Source {unitless)
EF = Exposure Freguency (days/years]) . o
ED = Expesure Duration {ysars)
BW = Body Weight {kg)
AT = Averaging Time (period over which exposure iz averaged - days)
Variable Caze Receptor . Value (Rationale/Source)

cs RME All ) Upper 95% confidence limit on
concentrations in soil

INGR RME Adults 100 mg/day {age groups greater than §

Teenager years old; EPA 1989c)

Adolesscent

RME Child 200 mg/day (children 1 through 6 years
old; EPA 1989c)

FI RME _. All 1.0 (assumed)

EF RME All 365 days/vear B

ED RME Adults 30 years (national median time (90th
percentile) at one residence; EPA
1989b)

Others Entire period in age bracket, assumed
spent at one residence (6 vears for
teenagers and adeclescents, 5 yvears for
children}

BW RME All B Median body weight for each respective
age group (70 kg adult male, 58 kg
adult female, 55 kg teenager, 31 kg
adolescent, 16 kg child; EPA 19%89b}

AT RME A11 Pathway—~specific period of exposure
for noncarcinogenic effects (l.e., ED x
365 days/year), and 70 vear lifetime
for carcinogenic effects (li.e., 70
vears x 365 days/year)

02{UZ]ZD3081:D3123,/3853,/19
Source: Ecology and Environment, Inc. 1991.
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Table 8-18

SCENARYO 2 -
RESIDENTIAL EXPOSUBE: DERMAL CONTACT WITH CHEMICALS YN SOIL

Equation: - - . SR
CS x ABS x CF X SA X AF x EF x ED

2bsorbed Deose (mg/kg-day} =

BW x AT
where:
CS = Chemical Cencentration in Seil {(mg/kqg)
ABS = Fraction Abseorbed (Unigless?
CF = Conversion Factor (10 kg/mqg) 2
SA = Skin Surface Area Available for Contact (cm /event)
AF = S0il te¢ Skin Adherence Factor {mg/cm™)}
EF = Exposure Frequency (events/vear)
ED = Exposure Duration {vears)
BW = Body Weight (kg)
AT = Averaging Time (period over which exposure is averaged - days)
Variable Case Receptors Value {Rationale/Source)

cs RME All Upper 95% confidence limit on
concentrations in sofl

ABS RME All Chemical~specific value

sA RME Adults 1,600 cm® (hands and one~third arms;
surface area; EFPA 1989b)

M RME Tesnager 1,600 cmz {hands and one-third arms;
. surface areas; EPA 1985}
RME Adolescent 2,000 cm2 {hands and one-~third arms and
leygs; surface areas; EPA 1989b)
RME Child 1,800 cm® (hands and one-half arms and
legs; surface areag; EPA 1989b)

aF RME ALl . 1.45 mg/cm® (EPA 1983b}

EF RME All . ... .. .. 365.days/year

ED RME Adults 30 years (naticnal upper bound time

o (90th percentile) at one residence; EPA
1989k)
Others Entire duration of each respective age
- o ‘group (6 years for teenagers and
adalescents, 5 years for children)

BY RME All -~ -Median body weights for each respective
age group {70 kg adult male, 58 kg
adult female, 55 kg teenager, 31 kg
adelescent, 16 kg child; EPA 1389b)

AT RME All . ..Pathway-specific period of exposure for
noncarcinogenic effects {(i.e., ED x 365
days/vear), and 70 year lifetime for
carcinogenic effects (i.e., 70 years x
365 days/year)

= 02(Uz]2D3081:D3123,73949,/20 :
. Source: Ecolegy and Environment, Inc., 1991, e .
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Table 3-19

SCENARIO 2
RESIDENTIAL EXPOSURE: JYXNHALATIOR AIRPBORNE PARTICULATE

Equation:
C5 x CP x CF x IR x ET % EF X ED
Intake (mg/kg-day} = -
BW x AT
vhere:
cSs = Contaminant Concentration in Soil (mg/gg)
CP = Particulate Concentratien ig Air (mg/m”) -
CF = Unit Conversion Fagtor (10 kg/mg)
IR = Tnhalation Rate (R ‘hour)
ET = Exposure Time (hours/day)
EF = Exposure Freguency (days/yvear}
ED = Exposure Duration (yvears)
P = Body Weight {Kkg)
AT = Averaging Time (period over which exposure is averaged — days)
Varizble Case Receptors Value (Rationale/Source!
cP RME All Site—specific value
cs RME All Maximum concentration in soil {mg/kyg)
IR RME Adult 1.2 m3/hr {Recommended value for adult;
male EPA 15E3b)

Adult 1.2 ms/hr {Recommended value for adult;

famale EPA 1989b)

Tesenager 1.2 ma/hr (In absence of age-specific
data, value is based on adult rate;

EPA 198%b)

Adolescent 1.5 m3/hr {Consistent with EPA quidance
for adults; 1.5 times light activity
rate for l0-year old; EPA 1989b)

Chila 1.2 mB/hr {Consistent with EDPA guidance
for adults; 1.5 times light activity
rate for a f-year old; EPA 1989%b}

ET RME ALl 1é¢ hours/sday

EF RME All 365 days/yvear

ED BME Adults 30 yeirs {90th percentile time at one
residence} (EPA 1989Db)

ME Othere Entire duration {entire pericd of life
in each age group; 6 years for teen—
agere and adolescents, 5 years forx
children)

B RME All Median body weights for each respective

age group (70 kg adult male, 58 kg
adult femals, 55 kg teenager, 31 kg
adolescent, 16 kg child; EPa 1989b)

02[UZ}ZD3081:D3123/3956,/20
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. Table $-19 (Cont.}

Variable Case Receptors Value (Rationale/Source)

AT RME All . - Pathway-specifi¢ period of exposure for
noncarcinogenic effects (i.e., EDb X 365
days/year) and 70 vear lifetime for
carcinogenic effects (i.e., 70 vears x
365 days/vear}

02[UZ)ZD3081:D3123,/3956/20

Source: Eceoclogy and Environment, Inc..1991. .. ...
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RESIDENTIAL WATER USAGE:
{AND BEVERAGES MADE WITH DRINKING WATER)

Table 5-20

SCENARIO 3
INGESTION OF CHEMICALS IN DRINKING WATER

Source:

RMEL = Reasonable Maximum Exposure.

Ecology and Environment,

Equation: .
CW x INGR x EF x ED
Intake (mg/kg-day) =
BW x AT
where:
CW = Chemical Concentration in Water (mg/liter)
INGR = Ingestion Rate (L/day)
EF » Exposure Fréguency {(days/year)}
ED = Exposure Duration (years)
B = Body Weight (kg}
AT = Averaging Time (pericd over which expesure ig averaged - davs)
Variable Case Receptor Value (Rationale/Scurce)
W RME Adult Measured concentrations in ground-
water
IRGR RME Adult 2 L/day (90th percentile; EPA 1%89b)
EF RME Adult 365 days/yvear
ED RME Adult 30 years (P0th percentile time at cne
residence, EPA 1988b)
BY RME Adult 70 kg (EPA 1989b)
AT RME Adult Pathway-specific period of exposure
for noncarcinogenic effects {(i.e., ED
x 365 days/vear)}, and 70 year lifetime
for carcinogenic effects (i.e., 70
yvears x 365 days/vear)
02iUZ)2D3081:D03123,/5041,/20
Key:

Inc. i391.
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Table 8~21

. SCENARTIO 3
RESIDENTIAL WATER USAGE: DERHAL-CORTACT WITH CHEMICALS
DURING SHOWERIRG

Eguation: - -
CW X PC x 5A x ET x EF X ED x CF
Absorbed Dose (mg/kg-dav)} =
BW x AT
where: - R .
CW = Chemical Concentration in Water (mg/liter) B
PC = Chemical-5pecifi€ Dermal Permeability Constint (cm/hr}
SA = skin Surface Area Available for Contact {(cm“}
ET = ExpoSure Time (hours/day)
EF = Exposure Frequency (days/year)
ED = Exposure puration (years)
CF = Volumetric Conversion Factor for Water (1 11terf1000 cm 1
BW = Body Weight (kg) .
AT = Averaging Time (peried over Whlch exposure is averaged - days)
Yarviable Case © 77 Receptoy Talue (Rat;onale/Source)
cwW BMES. Adult - Measured concentrations in groundwater
PC mME T Adult . Chemical-specific values used
sa RME Adult - 1.8 m® (total body average SA for
adults; EPA 1989b)
ET— - "~ RME Adult 0.2 hoursday {12 minutes; 90th
percentile; EPA 19839b}
EF RME hAdult - 345. days/year
ED RME - . Adult 10 years (90th percentile time at one
residence) (EPA 1989b)
BW RME Adult 70 kg (EPA 1989b)
AT RME Adult .~ . .. Pathway-specific pericd of exposure
for noncarcincgenic effects {i.e., ED
x 365 days/vear), and 70 year lifetime
for carcinogenic effects (i.e., 70
vears x 365 days/year)
T 02{0Z1ZD3081:D3123,/5043,/20 -
Key: - R
EME = Reasonable Maximum Exposure

Source:

recycled

_Bcolegy and Envirenment, Inc. 1991.
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Table 8-22

SCENARIO 3
RESIDENTIAL WATER USAGE: TINHALATION OF AIRBORNE (VAPOR PHASE) CEEMICALS
DURING SHOWERING

Egquation:
CA X IR x ET x EF 2 Eb
Intake (mg/kg-day} =
BW X AT
whete:
CA = Contaminant Concengration in Air (mg/ml)
IR = Inhalation Rate {(m shour}
ET = Exposure Time (hours/day)
EF = Exposure Freguency {days/veat)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time {(periocd over which exposure is averaged - days)
Uariable Case Receptor Value (Rationale/Source)
CA RME Adult Modeled value (baged on concentrations
in water}
IR RME Adult 0.6 m /hr (all age groups, EPA 1989b}
ET RME Adult 0.2 hour/day (12 minutes; 90th
percentile; EPA 19B89b}
Er BME Adult 365 days/year
ED RME Adult 30 vears {(90th percentile time at one
residence; EPA 1589b)
B BME Adult 70 kg (EPA 1989b)
AT RME Adult Pathway-specific period of exposure
for noncarcinogenlic e¢ffects (i.e., ED
* x 365 days/yvear), and 70 vear lifetime
for carcinogenic effects {(i.e., 70
years x 365 days/yvear}
02({UZ]203081:D3123,/5042/20
Key: o

RME = Heasonable Meximum Exposure

Source: Ecology and Environment, Inc. 19%1.
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Scenario 1: Outdoor Worker Exposure

Key variables in the RME worker exposure scenario, summarized in
Tables 8-14 through B8-16, include soil ingestion rate (INGR), exposure
frequency (EF), exposure duration (ED), soil to skin adherence factor
(AF), skin surface area (SA), dally exposure time (ET), and inhalation
rates (IR).

The value for INGR was taken as 100 mg/day based upon EPA guidance
{EPA 138%9¢). ~Exposure freguencies of 250 days/year were based upon the
assumption that worker exposure would occur 5 days/week for 50 weeks/
year. ED was taken as 40 years based upon EPA guidance (EPA 1989b). AF
was taken as 1.45 mg/cm2 based on EPA guidance (EPA 1989h), SA was
taken as 800 cmz, equivalent to the surface area of the hands (EPA
1989b), based on likely work activities that might result in worker
exposure _to soils. .ET was taken as 8 hours/day to reflect the the
possibility in the context of an RME scenario. that exposure could occur
over the entire perlod of a typloal work day IR was taken as 2.5
m3/day based upon moderate energy worker activ1t1es could occur at such
a site (EPA 1989b).

Scenario 2: Hypothetical Future Residential Exposure

Key variables in the potential future residential scenario, summa-
rized in Tables 8-17 through 8-12, include soil ingestion rate (INGR),
exposure frequency (EF), exposure duration (ED), 3011 to sk1n adherence
factor (AF), skin surface area (SA), dally outdoor exposure t1me (ET), 7
and inhalation rates (IR).

INGR of 200.mg/day and 100 mg/day for children aged 1 to 6 and all
older .receptor groups, respectively, were taken based on EPA gu1dance
(EPA 1989c). EF for all réceptor groups ‘was taken as 365 days/year ED
was taken as 30 yeéars_corresponding to rhe upper 90th percentile time
spent at one residence.(EPA 19B%b). AF was taken as 1.45 mg/cm2 based
upon the literature value reported by EPA (198%b) for potting soil. S&
subject to contdact with soil of 1,600 cmz'for'aéultsgehd teehagers was
based upon assSumed skin contact with the hands and one-third of the
arms. SA for edoleseehtsﬁof.l;boaiémz*wéé taken to corresoond to the
area of the hands and one-third of both arms and legs. SA for children
wvas taken as the area of the hands and one-half of the arms and legs.
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The selection of these skin areas was designed to correspond to the
increased likelihood for skin parts to come into contact with soil as
age decreases. ET was taken as 16 hour/day to correspond to an.upper—
bound daily annual average time spent in oufdoor so0il areas. Inhalation
rates of 1.2 m3
EPA-recommended values for adults (EPA 1989b). Consistent with the.
methodology EPA used in deriving adult values, upperbound values for IR

3/hr and 1.2 msfhr, respectively,

for adolescents and children of 1.5 m
vere derived based upon multiplying inhalation rates for light activi-

ties by a factor of 1.5 for a 10-year old and 6-year old (EPA 1989b).

Scepario 3: Residential Groundwater Usage

Key variables in the residential groundwater usage scenario,
summarized in Tables 8-20 through 8-22, include water ingestion rate
(INGR), expousure frequency (EF), exposure duration (ED), skin surface
areaz (SA}, exposure time vhile showering (ET), and inhalation rate (IR).

INGR of 2.0 L/day was based on the 90th percentile value
recommended by EPA (198%9b). EF was taken as 365 days per year. BED was
taken as 30 years, the upper 90th percentile residence time (EPA 1989b).
S84 was taken as 1.8 m2 based on the total body average skin area for
adults (EPA 1989b). Showering BT, 0.2 hours, was based on the 80th
percentile value reported by EPA (1989b). IR was taken as 0.6 m3/hour,
the mean value for adults engaged in light activity (1989b).

Methods for estimating the RMEs via all varicus complete eXposure
pathways assoclated with the Saunders site were described above. The
exposure estimates are combined with toxicity estimates for each
chemical as described in Section 8.4 to obtain risk estimates determined
in Section 8.5. Also, the exposure estimates obtained by this process
are given as chronic daily intakes (CDIs) or subchronic daily intakes

(SDIs) for each complete pathway and exposure case in the risk

estimation tables contained in Section 8.5.

8.3.9 Uncertainty in the Exposure Assessment
There are a number of factors that will cause the exposure levels
estimated in this section to differ from the exposures that potential

receptor populations may actually be experiencing. This section will
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identify these factors, discuss the potential effects of the factors on

the exposure estimates, and wvhere posszble and ‘appropriate, estimate the
degree of confidence that should be placed in the various assumptions

and parameter estimates that have gone into the exposure estimates.

Environmental. Sampling

Surface soil and groundwater samples collected during the RI were
intended to characterize the nature and extent of contamination at the
site. They were collected from the sampling locations in a systematic
fashion and were selected to be representative of contaminant concen-
trations throughout the site soils, groundvater, surface water, or
sediments. Upper 95% confidence limits or maximum concentration values
vere. used as the source concentrations. This will. tend to overestimate

the concentrations in the source area as a whole.

Analytical Result Limitations

Two aspects of the analytical data marginally reduce the level of
‘confidence in the estimates of contaminant concentrations in environ- -
mental media. One is the inclusion of estimated kesults (E and J flags)
that may not have the same precision and accuracy as data meeting all of
the standard QA criteria. "~ This is a very minor concern.

The ‘other aspect is .the use of. analytical. detectlon limits that
could allow pétentially hazardous concentrations of some contaminants to
go undetected. . For example, the estimated cancer risk for dioxin in
soil at the. contract” required quan;itqtioy_limit,(see Table 8-2) is
6 x 100, which is above EPA’s benchmark risk level of 107°. This
source.of uncertainty reduces the level of confidence that can be placed
in the upper 11m1t of the risk associated vith environmental media in
which these contaminants could be . present at close to the detection
limit. Although the inadequacy of analytical detection limits must not

be overlooked, it is an uncertainty common to many risk assessments.

Exposure Estimation Calculations
The primary uncertairty regarding the exposure estimation calcula-
tions is that associated with the selection of appfopriate parameter

values. The values used and a brief rationale for their selection are
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given in Section 8.3.8 (Tables 8-14 to 8-22), which describes the
exposure calculations for the various pathways. Individual parameter
values were selected so that the overall pathway exposure estimates
would approximate the EPA definition of reasonable maximum exposure. It
is important to note that in attempting to estimate the RME, it is gen-
erally not appropriate to use a worst-case or an upper 95th percentile
estimate for every parameter in the calculation (EPA 1989a) as this will
result in a pathway estimate that is so coﬁservative,it is in fact an
extreme worst-case estimate (perhaps a 99.9999th percentile estimate),
rather than a reasonable worst-case estimate, which would typically fall
in the 99th to 99.9th percentile range. - -

Steady State Assumption

The exposure calculations used in this risk assessment all assume
that the contaminant concentrations in the source media are at steady
state and remain constant for the duration of the exposure periods.
These range from a few years for future child residents to an entire
70-year composite lifetime for potential future residents assumed to be
subject to direct contact with Saunders property seil. Since the waste
disposal practices and conditions that resulted in the present contam-
ination ceased or were changed at least 5 years ago, it is reasonable to
assume that contaminant concentrations in the soil and groundwater are
not increasing, and concentrations of metals that are persistent will
remain constant whereas organics such as PCP and dioxin/furans may
degrade and will probably decrease to some degree over the 6- to 70-year
exposure periods of interest. Assuming that the source concentrations
remain constant over those periods will.probably overestimété to some

degree the true exposures of organics.

Exposure Assessment Uncertainty Summary
Overall the exposure estimates obtained are probably moderately
reliable. A number of the factors adding uncertainty to the estimates

tend to result in overestimation of the exposure. These include:

o The use of upper 95% confidence limits, or the highest
observed values, to estimate soil and groundwater exposure
concentrations; and
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o The use of the steady state assumption for source concen-
tration estimates for PCP and dioxin/furans.

The cumulative effect of all of the exposure uncertainties most

likely is to overestimate rather than underestimate the true potential

eXposures.

8.4 TOXICITY ASSESSMENT

The purpose of the toxicity assessment is to compile toxicity and
carcinogenicity data for the chemicals of potential concern and to
provide an estimate of the relationship between the extent of exposure
to a contaminant and the likelihood and/or severity of adverse effects.
The toxicity assessment will be accomplished in two steps--hazard
identification and dose—responSE-assessment.

Hazard identification is a qualitative description of the potential
toxic properties of the chemicals of concern present on the Saunders
Supply Company property. Brief toxicological profiles for the chemicals
of concern are presented in Appendix K. These profiles present
summaries of the potential toxic properties of contaminants of concern.
organ systems and will sefve as the primary summaries of the potential
hazards related to exposure to contaminants of concern.

The dose-response evValuation is a process that results in a quanti-
tative estimate or index of toxicity for each contaminant at the site.
For carcinogens, the index is the slbpé factor and for non-carcinogens,
it is the reference dose. Section 8.4.1 categorizes péaé;ices and
procedures used to develop quantitative indices of toxicity and to
incorporate toxicological information into the risk estimation ﬁrocess.
Section 8.4.2 discusses the relevance of ARARs, followed by Section

B.4.3, which discusses the limitations of the toxicity assessment.

8.4.1 Quantitative Indices of Toxicity

Quantitative indices of toxicity were compiled for the dose- -
response assessmeént to be used to estimate the relationship between the
extent of exposure to a contaminant and the pélentiélriﬁcreased likeli-

hood and/or severity of adverse effects. The methods for deriving
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indices of toxicity and estimating potential adverse effects are pre-

sented below.

8.4.1.1 Categorization of Chemicals as Caréinogens or Noncarcinogens

For the purpose of this risk assessment, the chemicals of concern
wvere divided into two groups: potential carcinogens and noncarcinogens.
The risks posed by these two types of compounds are assesséd differently
because noncarcinogens generally exhibit a threshold dose below which no
adverse effects océur, while it is typically assumed that no such
threshold can be proven to exist for carcinogens.

As used here, the term carcinogen means any chemical for which
there is sufficient evidence that exposure may result in continuing
uncontrolled cell division (canéer) in humans and/or animals. Con- . -

versely, the term noncarcinogen means any chemical for which the car-

cinogenic evidence is negative or insufficient. These definitions are - -

dynamic; compounds may be reclassified any time additional evidence

becomes available that shifts the weight of evidence one way or the

other. o e : - - - - - e
Chemicals of concern have been classified as carcinogens or noncar—-- SR

cinogens based on weight-of-evidence criteria contained in the EPA

Carcinogenicity Evaluation Guidelines (1986b). Table 8-23 summarizes
the five EPA weight-of-evidence categories. According to these EPA
guidelines, chemicals in the first two groups--A and B (B1 or Bz)——are
considered human carcinogens or probable human carcinogens based on
sufficient evidence and should be the subject of nonthreshold carcine- _ . -
genic risk estimation procedures. Depending upon the quality of the =
data, Group C chemicals may also be subjected to these procedures. The
remaining chemicals--in Groups D and E--are defined as noncarcinogens
and should be subjected to threshold-based toxicological risk estimation

procedures.

8.4.1.2 Assessment of Nencarcinogens

Risks associated with noncarcinogenic effects (e.g., otfgan damage,
immunological effects, birth defects, skin irritation) are usually
assessed by comparing the estimated average exposure to the acceptable -
daily dose, now called the "reference dose" (RfD) by EPA. The RfD is
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Table 8-23

FIVE EPA WEIGRT-OF-EVIDENCE
CATFGORIES FOR CHEMICAL CARCINOGENWICITY

Group Description

A Human Carcinogen - sufficient evidence from epidemiological
studies . . .

B Probable Human Carcinogen -

Bl ~-& ..At least limited evidence of carcinogeniqity-tp humansg

B2 ¢ Usually a combination of sufficient evidence for animals

and inadegquate data for humans

c _Possible Human Catrcinogen ~ limited evidence of carcinegenicity
in animals in the absence of human data

D Not Classified - inadeguate animal evidence of carcinogenicity
E No Evidence of Carcinogenicity for Humans - no evidence of

carcinogenjcity in at least two adeqguate animal tests in
different specles or in both epidemiological and animal studies

DZ[UZ12D3081:D3123,/4096,/25

Source: __EPA 1986b.
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selected by identifying the lowest reliable not observed or lowest

observed adverse effect level (NOAEL or LOAEL) in the scientific litera— -

ture, then applying a suitable uncertainty factor (usually ranging from
10 to 1,000) to allow for differences between the study conditions and
the human exposure situation to which the acceptable daily dose is to be
applied. The five uncertainty factors commonly used are summarized in
Table 8-24. NOAELs and LOAELs are usually based on laboratory experi-

ments on animals in which relatively high doses are used. Consequently,

uncertainty or safety factors are required vhen deriving RfDs to compen-.

sate for data limitations in the experiments and the lack of precision
in extrapolating from high doses in animals to lower doses in humans.

RfDs are generally calculated using the formula:

) NOAEL or LOAEL (in mg/kg/day)
RfD (in mg/kg/day) = L A
Uncertainty Factor Lo

If the estimated exposure exceeds the estimated acceptable intake,

some adverse effects are presumed to be possible and that exposure level .

may be of potential concern. Conversely, if the estimated exposure is
less than the estimated acceptable intake, no adverse effects would be
expected and the exposure level is considered acceptable. Noncarcino-
genic risks are usually assessed by calculating a hazard index, which is
the ratio of the estimated exposure to the RfD as follows: .

AVDI
HI - — T I R — =TT LT Do — T - T ;'T [
RfD
where
HI = Hazard Index
AVDI = Average Daily Intake (exposure) ' o ’ .

RfD = Refererice Dose (reference daily intake).

A hazard index greater than 1 indicates that adverse effects may be
possible, while a value less than 1 means that adverse effects would not
be expected.
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Table 3-24

DNCERTAINTY FACTORS (MARGINS OF SAFETY) USED IN
THE DERIVATION OF REFERENCE DOSES

Uncertainty Factor . Condition of Use

10 A 10~fold uncertainty factor is used with
valid experimental results on appropriate
durations of exposures of humans.

100 -~ - - A 100-fold uncertainty factor is used when
human data are not available and extrapocla-
tion is made from valid results of long-
term animal studies.

1,000 s e ze- o oA B, 000-Ffold uncertainty factor is used
when human data are not available and
extrapolation is made from animal studies
of less than chrenic exposure.

1~-10 - An additional uncertainty factor from 1 to
10 when using a lowest observed adverse
effect level (LOAEL} instead of a no
observed adverse effect level {(NOAEL).

Intermediate uncertainty -  Other uncertainty factors used, according
factor to. scientific judgment, when justified.

02[UE]ZD3081:95123/4099/26

Source: EPA 19586a.
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EPA is in the process of developing subchronic RfDs based on poten-

tial noncarcinogenic effects associated with exposures ranging from a

few weeks to seven years. Short-term exposures can occur when an activ--

ity resulting in exposure is performed for a limited period of time or
when a chemical degrades or disperses to negligible concentrations
within a short period. The hazard index for subchronic exposure is
obtained by dividing the estimated average daily dose by the REDs.
Chronic and subchronic RfDs for the oral exposure route are pre-
sented in Table 8-25. Chronic and subchronic RfDs for the inhalation

exposure route are alsoc presented in Table 8-25.

8.4.1.3 Assessment of Carcinogens

In contrast to noncarcinogenic effects, for which thregholds are

thought to exist, scientists have been unable to demonstrate experimen-

tally a threshold for carcinogenic effects. This has led to the assump-
tion by federal regulatory agencies [e.g., EPA, Food and Drug Adminis-
tration (FDA), and Occupational Safety and Health Administration (OSHA)]
that any exposure to a carcinogen theoretically entails some finite risk
of cancer. However, depending on the potency of a specific carcinogen
and the level of exposure, such a risk could be vanishingly small.
Scientists have developed several mathematical models to estimate
lowv-dose carcinogenic risks from observed high-dose risks. Consistent
with current theories of carcinogenesis, EPA has selected the linearized
multistage model based on prudent public health policy (EPA 1986b). In
addition to using the linearized multistage model, EPA uses the upper

95% confidence limit for doses or concehtrations in animal or human

studies to estimate low-dose slope factors (SFs). By using these proce- -

dures, the regulatory agencies are unlikely to underestimate the actual
slope factors (formerly called carcinogenic potency factors) for humans.

Using SFs, lifetime excess cancer risks can be estimated by:

Risk = I LADI, x SF,
J 3

where
LADIj = exXposure route-specific lifetime average daily intake

SFj = route-specific slope factor.
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Using  the muliistage model, the carc1nogen1c risks for the oral,
dermal, and inhalation routes of exposure are calculated as follows:

Risk =.LADIOSFO +'LADIdSFO + LADI&SFi

where subscript "o" indicates the oral route, subscript "d" the dermal
route, and subscript "i" the inhalation route. SFS for the chemicals of
concern for the oral and inhalation exposure routes are presented in
Table 8-26. EPA’'s We1ght—of—eV1dence.class1f1cation for the chemical
and the type of cancer that may be associated with exposure to the
chemical are included. - .

There have been several suggestions recently that EPA’s current
cancer potency estimate {slope factor) for dioxip is too high and
results in overestimation of the risks dioxin exposure may pose. In
response, EPA has agreed to reevaluate all available information on
dioxin toxicity in order to either verify its present toxicity estimate
or adjust it as required. If a change is made in EPA’s cancer potency
estimate for dioxin, the estimated risks due to potential dioxin
exposure at the Saunders site also would change propbrtionately.

Once substances have been absorbed by the oral or dermal routes,

their distribution, metabolism, and elimination patterns (pharmacokinet—--.

ics) are usually similar. For this reason, and because dermal route

RfDs and SFs are_usually not avallable, oral route RfDs and SFs are
commonly used to evaluate exposures to substances by both the oral and
dermal routes. . This. approach is not approprlate and 1s not used if the
adverse effect._occurs at the p01nt of.exposure. Examples would be skin
irritation or skin cancer resulting from dermal exposure. Although
inhalation route pharmacokinetics differ more_from oral route kinetics
than do the dermal route klnetlcs, gral RfDs and SFs may also be used to
evaluate inhalation exposures (except 1n the case of exposure point
effects) if. inhalation route RfDs and SFs are not available.
Exposure to some chemicals may result in ‘both carcinogenic and non-
carcinogenic effects.. In these cases; both thercareinogenic,and nohcar-—

cinogenic effects were evaluated and considered in the risk assessment

process. . - A
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Since frequently no "safe" exposure can be demonstrated to exist

for carcinogens, the risk ménagemenf tésk becémes one of determining
what level of risk will be deemed acceptable. In general, regulﬁtory
agencies in the United States (EPA, FDA, and OSHA) have not established
a uniform cancer risk level for distinguishing between risks that are
deemed. acceptable and those that may be of concern. The agencies have
generally considered rlsks in the range of one in 10 000 (1 x 10° ) to
one in 10,000,000 (1 x 10~ ) to be acceptable. EPA has recently adopted
the. policy that acceptable exposures are generally those that represent
an excess upper bound llfetlme cancer risk to an 1nd1v1dua1 of hetveen
10~ 4 and. 10,6 - In addition, EPA will use the 10 risk level as the
point of departure for determ:nlng remediation goals for National

Priorities List sites (EPA 1990)

8.4.2 Uncertainties Related to the Toxicity Assessment

In order to evaluate_the meaning of any risk assessment, one must
consider the uncertainties in the assumptions made, the impact of chang-
ing the magnitude of those assumptions on the risk eétimates, and the
relevance of the findings to real wvorld exposures and risks. Due to the
number of assumptions, data peoints, and calculations, a degrese of uncer- -
tainty is necessarily associated with the numerical toxicity values in
any risk assessment.

This section begins with a discussion of the assumptions used to
estimate noncarcinogenic risks, continues with a discussion of carcino-
genic risk estimates, and concludes with a discussion of the other major

assumptions used in developing the exposure scenarioes.

8.4.2.1 Evaluat:ogﬁof’ancarc1nogen1c Toxicity Assessment Assumptions
Key assumptions used in assessing the likelihood of noncarcinogenic
effects are that threshold doses exist below which various noncarcino-
genic effects do not occur and that the occurrence or absence of noncar-
cinogenic effects can be extrapolated between species and occasionally
betveen routes of exposure and over varying exposure durations. The
threshold assumption appéars to be sound for most noncarcinogens based
on reasonably good, fits of experimental data to the usual dose response

curves. One possible exception to this is lead, which may not have a
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threshold base for its ﬁoncarcinogenic effects (EPA 1988b). However,
lead was not a compound of concern at the Saunders facility.

The other assumption generally appears to be true to varying
degrees. The effects observed in one species or by one route of expo-
sure may not occur in another species or by another route, or they may
occur at a higher or lower dose due to differences in the pharmacoki-
netics (uptake, distribution, metabolism, and elimination) of a compound
in different species or by different routes of exposure. The uncer-
tainty in these assumptions is taken into account in the development of
RfDs through the use of safety or uncertainty factors. The uncertainty
factors used by EPA are conservative (health protective) in nature in
that they tend to overestimate the uncertainties so that the RfDs
obtained are unlikely to be too high. Use of the resulting RfDs tends
to overestimate the potential for noncarcinogenic effects occurring at a
given exposure level. Section 8.4.4 discussed the uncertainty factors
used to derive the RfDs for chemicals of concern at the Saunders site.

Uncertainty factors used to derive RfDs are presented in Table 8-25°
for each chemical of concern. For example, an uncertainty factor of 100
was used to derive the RfD for trivalent chromium: 10 for species-to-
species extrapolation and 10 to protect sensitive individuals. In addi-
tion to uncertainty factors, a modifying factor is applied to reflect a
qualitative professional assessment of additional uncertainties in the
critical study and in the entire data base for the chemical not
explicitly addressed by the preceding uncertainty factors.  The modi- -
fying factor ranges from >0 to 10 with a default value of 1 (EPA 198%a).

Por example, confidence in the oral RID for trivalent chromium as
defined in IRIS is low because of lack of explicit detail on study pro-
tocol and results and reflects the lack of high-dose supporting data.
The low confidence reflects the foregoing, but also reflects the lack of
an observed effect level. Low confidence in the RfD feollows. Confi-

dence levels for verified RfDs are included in Table 8-25.

8.4.2.2 Evaluation of Carcinogenic Toxicity Assessment Assumptions
The chemicals of concern have been evaluated by EPA using its

weight-of-evidence carcinogenicity evaluation criteria and have been
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placed in Group 4, human carcinogens, 6r Group B, probable human carcin-

ogens, based on sufficient data in humans and animals and insufficient
data in huhans, respectively (EPA 1986b).

Bodent bioassay and epidemiological studies, such as those per-
formed for the chemicals of. concern, would require tens of thousands of
animals or humans in order to determine whether or not a chemical may be
carcinogenic at low doses. As the relétionship between tumor location,
time to appearance, and the proportion of animals with cancer determines
the estimated carcinogenic SF, animal bioassay or human epidemiological
data are.not routinely sufficient for diféétlyiéétimating SF at low
doses. Therefore, by necesslty, agenc1es such as EPA use carcinogenic - S
extrapolation models for estlmating 1lov dose 5Fs. Based on policy
grounds, these agencies assume that there is no threshold dose. below
which carcinogenic risks will not occur. This is equivalent to the
assumpiion that every dose above zero, no matter how low, carries with
it a small but finite risk of cancer. The agencies also assume that the
dose-response relationship is linear at low doses. This is contrary to
approaches used for other toxic effects, because thresholds are assumed
to exist. ' - o

The current model favored by EPA and certain other federal regula-
tory agencies is the linearized multistage model The agency then uses
the statistically derived upper 95% conf1dence bounds, rather than a
maximum likelihood value for SF. The agency has concluded, based on
theoretical grounds consistent vith human ep1dem1olog1ca1 and animal.

data, that cancer. follows a series of dlscrete stages (1 e., initiation,

trolled cell prollferatlon known as cancer. Cpn31stent with this con-

clusion, the use of the llnearlzed multistage model permits an estima-

tion 6f SF that is not likeiy to be axﬁeeded if the real slope could be

measured. However, compelling sEféhtif{c:éféﬁﬁéﬂ£érééﬁrbe made for sev-

eral other extrapolat:ve models, Whlch if used, could result in signif-

1cantly reduced values for SFs, sone tens of mllllons of times lower

than those estimated using the linearized multist{age model. The one hit

model used to estimate risks due to. exposures above the linear range of

the multistage model is one such mo@el._ Thus, the current EPA SFs cal- ST

culated in this fashion represent upper-bound values based on animal
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data that should not be interpreted as necessarily equivalent to actual
human cancer potencies. It is this conservative value, nevertheless,
that is vsed in this risk assessment on policy grounds for the protec-
tion of public health.

8.4.2.3 Summary of Toxicity Assessment Uncertainties
The basic uncertainties underlying the assessment of the toxicity

of 2 chemical include:

o Uncertainties arising from the design, execution, or rele-
vance of the scientific studies that form the basis of the
assessment; and

o Uncertainties involved in extrapolating from the underlying
scientific studies to the exposure situation being evalu-
ated, including variable responses to chemical exposures
within human and animal populations, between spec1es, and
between routes of exposure.

These basic uncertainties could result in a toxicity estimate, based
directly on the underlying studies, that either under- or overestimates
the truwe toxicity of a chemical in the circumstances of interest.

The toxicity assessment process compensates for these basic uncer-
tainties tﬂrough the use of safety factors (ﬁncertainty factors) and
modifying factors, vhen assessing noncarcinogens, and the use of the
upper 95X confidence limit from the linearized multistage model for the

SF when assessing carcinogens. The use of the safety factors and the

upper 93X confidence limit in deriving the RfDs and SFs ensures that the
toxicity values used in the risk estimation process are very unlikely to
underestimate, and thus, almost always overestimate, the true toxicity
of a chemical.

8.5 RISK CHARACTERIZATION
This section combines the information developed in the exposure and

toxicity assessment sections to obtain estimates of the risks posed by

the Saunders facility contaminants to human health. The process by

which this is done is as follows: ‘ -
Risks due to carcinogenic and noncarcinogenic contaminants are

assessed differently, as discussed in Section 8.4.]1. Briefly,
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carcinogenic risks.are:asseﬁsga,by mﬁifgﬁlyiﬁg the estimated chronic
daily intake (CDI) ¢f a carcinogen by its estimated siope factor (SF) to
obtain the estimated fiék} expfessed aéitie é;obability of that exposure
resulting in an extess incidence of cancer.

The potential for adverse effects resulting from exposure to non-
carcinogens is assessed by comparing the CDI or subchronic daily intake
(SDI) of 4 Substance to its Ghronic or Subchronic RED. This comparison

is performed by calculating the ratio of the estimated CDI or SDI to the

corresponding RfD, which is
If the hazard index is less

expected; hovever, if it is

called a hazard quotient or hazard index.
“than 1, no adverse effects would be

greater. than 1, adverse effects could be

possible. . .. .. - : e

The excess cancer tisk or the hazard guotient for exposure to each
chemical by eéch route of exposure, exposure pathway, category of
receptor (i.e., adult or child), and exposure case (RME) are initially
estimated separately.

The separate cancer risk estimates are then summed across chemicals
and across all exposure routes ﬁﬁd,pathways'applicable to the same popu-
lation to obtain the total excess cancer risk for that population.
Hazard quotients for noncarcinogeﬁs.areZshmmed'across'chemicals that
produce..the same type of adverse effect (such as liver damage) but are
kept separate if their effects are different. Hazard quotients for sub-
chronic and chronic effects are separately summed across all chemicals,
exposure foutes, and pathways applicable to the same population to
obtain hazard indices for that population. Finally, risks that could
potentially oceur under current land use conditions are.summéd sepa—.
rately from those that could only occur if future land use differs from
its current use. ,

Section 8.5.1-presents a number of»tabléé that contain the detailed
risk estimates just described. Section 8.5.2 discusses uncertainties
associated with the risk estimates. Section 8.5.3 summarizes the risk
estimation results and identifies the chemicals, pathways, and receptors

that account for the most significant risks at the Saunders site.
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8.5.1 Rigk Estimates S -
This section presents a number of tables (8-27 through 8-36) that
contain exposure and toxicity estimates, along with key items of ‘
qualifying or supporting informaticon carried forward from the exposure
and toxicity assessment sections of this report. The tables also
contain the excess cancer risk estimates and the hazard gquotients
obtained by combining the exposure and toxicity information as desecribed
above. Descriptions of the numerical ehtries contained in these tables

are presented below.

Entries Pertaining to Exposure Estimates

The exposure estimates are given as either CDIs or SDIs as befits
the chemical and pathway under consideration. The next column indicates
whether the CDI of SDI has been adjusted for the absorption efficiency
of the exposure route. Generally, the original literature data that
forms the basis for EPA's cancer potency SFs and RfDs report adminis-
tered doses rather than absorbed doses; therefore, the 5Fs and RfDs are
usuvally derived on an administered dose basis as well. It is important
that the exposure estimate be expressed on the same basis as the cor-

responding SF or RED. Thus, it is usuwally not appropriate to adjust

oral or inhalation route exposure estimates for absorption. An
exception would be, for example, if an oral SF or RfID was being used in
lien of an inhalation SF or RfD that was unavailable and the relation-
ship between the chemical’s absorption by those routes was known.

Dermal exposure estimates usually are adjusted for adsorption if the
adverse effect appears to result from systemic exposure (e.g., liver,
kidney or neuroclogical effects} but not if the effect is a dermal lesion
(e.g., skin irritation or skin cancer) that occurs at the point of

exposure.

Entries Pertaining to Carcinogens

SF is the chemical’s estimated cancer potency slope factor, a quan--— - - =— - -—=

titative estimate of a chemical’s ability to cause cancer. The weight
of evidence indicates the type and strength (weight) of the scientific
information upon which a chemical’s classification as a carcinogen is

based. The formal definitions of the weight of evidence categories were
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given in Section 8.4.2 and presented in Table 8-23. ‘Briefly, they are
\ as follows:’ Grbﬁﬁéﬁééﬁéﬁfagigvggg“consideréd_caﬁfi;;éd human carcino-
. gens; Group Bl and B2 chemicals, probagi'e;humanh carcinogens; and Group C
chemicals, possible human carcinogens. Group D indicates that there is

insufficient evVidence to classify the chemical as a carcinogen and Group
E chemicals are confirmed noncarcinogens. Group A, B, and C chemicals
are evaluated as carcinogens wvhile Group D and E chemicals are evalvated
as noncarcinogens. _The type of. cancer caused by a chemical is identi-
fied in the tables only for Group A carcinogens.

The SF source is the sourte or reference for the SF value used.
The preferred source is EPA’s integrated risk information system (IRIS)
data base, which contains confirmed values reflecting the consensus
judgment of the agency. The second choice is the EPA’s health effects

agsessment summary tables (HEAST), which contain information taken from

final documents prepared by the EPA 0Office of .Health and Environmental
Assessment. The third choice are values from other EPA documents, and
the fourth choice would be values derived directly from the general

literature. = T -
‘ The SF basis is the vehicle in wvhich the chemical was administered
. or the medium of exposure. "The chemical specific' risk, total pathway
risk, and total exposure risk are:the initially calculated risk and the
summation of risks over chemicals, éxposure routes, and exposure path-

ways. . o=

Entries Pertaining to Noncarcinogens

is the chronic or subchronic féfef%ﬁée_dosé, the dosage
belov which no adverse effects. are expected; The confidence level
indicates the degree of confidence that should be placed in the RfD
value and is usually obtained from the IRIS enfry for a chemical. The
critical,effectﬂithhe"effé&ifbr_fargetﬂorgaﬂ'affécQéd by the smallest
dose of the chemical that produces. any adverse effect and that serves as
the basis for the RfD. The RfD source is the source or reference for
the RED. The RED source. should be selected. in the same hierarchical
fashion as' the SF discussed above. The RfD basis is the vehicle in
which the chemical vas administered or the mediumrof“exposure in the

study(ies) that served as the basis for the RED. RID uncertainty
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adjustments indicate what adjustments have been made in deriving the RfD
value to allow for uncertainties arising from variation in human sensi-
tivity, animal to human, route to route, or LOAEL to NOAEL extrapola-
tions. The modifying factor is an additionél adjustment factor based on
professional judgment used to compensate for factors other than the
usual uncertainty adjustments. The hazard quotient, pathway hazard
index, and total exposure hazard index are the initially calculated
CDLI/RfD or SDI/RID ratios and the summation of like ratios over chemi-

cals, exposure routes, and exposure pathways.

Risk Estimation Summary Tables

Tables 8-27 and 8-28 present cancer and noncancer risk estimates,
respectively, for the current use worker scenario (Scenario 1). For
this scenario the total cancer risk for all exposure pathways exceeds
the 10_6 risk level, whereas the hazard index is less than one.

Tables 8-29 and 8-30 present cancer risk estimates for an adult
over an entire (composite) lifetime and for the entire period of
exposure for a 1- to 6-year-old child (Scenario 2). For both exposure
6 risirlevei.;ﬁTaﬁles-é-31

and 5-32 present the corresponding noncancer hazard indices for these

periods the total cancer risk exceeds the 107

two receptor groups. The hazard index is less than one for both groups.
Tables 8-33 and B8-34 present cancer risk estimates for adult males
for residential groundwater use of the lower and upper aquifers,
respectively (Scenario 3). Both cancer risk estimates exceed the 10_6
risk level. Tables 8-35 and B-36 present the corresponding noncancer
hazard indices. The hazard index for the lower aquifer i% less than

one. The hazard index for the upper aquifer is 12.

8.5.2 Risk Characterization Uncertainties ,

The risk characterization combines and integrates the information
developed in the exposure and toxicity assessments; therefore, uncer-
tainties associated with these assessments also affect the degree of
confidence that can be placed in risk characterization results. The

reader is referred to Sections 8.3.9 and 8.4.3 for full discussions of

the factors causing uncertainty in the exposure and toxicity assess- - - -

ments, respectively. The primary factors contributing to exXposure and

toxicity uncertainties are briefly reviewed here.
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For the exposure assessment, factors that would likely cause over-

estimation of the true exposures wvere:

o The use of the upper 95% confidence limit or highest
observed values to estimate the soil and groundwater
concentrations for RME estimates;

o The use of the steady state assumption for source concen-
tration estimates.

The cumulative effect of all of the exposure uncertainties probably
is to overestimate rather than underestimate the true potential
exposures.

The basic uncertainties underlying the assessment of the toxicity

of a chemical include:

¢ Uncertainties arising from the design, execution, or rele-
vance of the scientific studies that form the basis of the
assessment; and

o Uncertainties involved in extrapolating from the underlying
scientific studies to the exposure situation being evalu-
ated, including variable responses to chemical exposures
w1thin human and animal populations, between specles and
between routes of exposure. o

These basic uncertainties could result in a toxicity estimate, based
directly on the underlying studies, that either under- or overestimates
the true toxicity of a chemical in the circumstances of interest.

The toxicity assessment process compensates _for these basic uncer-
tainties through the use of safety factors (uncertainty faégprs) and
modifying factors, when assessing noncarcinogens, and the use of the
upper 95X confidence limit from the linearized multistage model for the
SF when assessing carcinogens. The use of the safety factors and the
upper 95% confidence limit in deriving the RfDs and SFs ensures that the
toxicity values used in the risk estimation process are very unlikely to
underestimate, and hence almost always overestimate, the true toxicity

of a chemical.

There are several additional factors that need to be considered
wvhen discussing uncertainties associated with the overall risk charac-

terization. These are the cumulative effect of using conservative
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assumptions throughout the process, and the likelihood of the exposures
postulated and estimated in the exposure assessment actually occurring.

The cumulative effect . of using ctherVative assumptions throughout
the risk estimation process is that the resulting estimate will sub- -
stantially overestimate the truye fisks.“'The Risk Assessment Guidance
for Superfund manual (EPA 1989a) recommends that ipdividuallparameter
values be selected so that the overall estimate of exposure, for exam-
ple, represents a "reasonable maximum exposure." In many cases, the
statistical distribution of a parametergls unknown ‘and the risk assessor
is left to select a value, us1ng best profe551onal Judgment, that is
sufficiently conservative.to avoid underesxlmatlng the true risk, yet
not so conservative that the resulting risk estimate turns out to be
unreagonably high. When in douﬁt, the risk assessor will usually elect
to err in faﬁﬁf"of“pfofécfiﬁgﬂhuman health and séieétﬂguyalue that

Conservative estimates are typlcally used at every stage of the

rigsk assessment process, including:

' o Selection or dérivation of sourcé media concentrations;

o Selection of the parameters used in estlmatlng contaminant
migration and réceptor eXposure-'Wf

o Selection or derivation of the reasonable maximum exposure
point concentrations over the exposure duration postulated
(steady state assumption is often used); and

o0 Derivation of quantitative. indices of toxicity (safety
factors are uséd in deriving RfDs, and the upper 95% con-
fidence limit on the multistage model estimate is used as
the carcinogenic potency SF}.

In the risk estimation process) these estimates and the parameters
contributing to the estimates are usually combined by multiplying them
together. If two values, each an upper 95th percentlle estlmate, are
multiplied together, the resultlng Value would be an upper 99.75th per-
centile estimate for the product. If three- 95th percentile values are
multiplied together, the result is an upper 99 98th percentile estimate,
and four 95th percentile estimates yleld a 99 999th percentile product,
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vhich means the estimate has less than 1 chance in 100,000 of underesti-- - - R —
mating the actual value. A risk estimate derived.in this way would
obviously be extremely conservative and would substantially overestimate . ‘
the true risks. There are many instances in the risk assessment process —
in which four or more parameters are multiplied together to obtain a
rigk estimate.
In summary, the nature of the risk estimation process itself vir-
tually ensures that the true risks will be overestimated, sometimes by
large margins. Many factors are multiplied together, inherent uncer- =~ =
tainties exist about parameter values, and conscious decisions are made
by risk assessors and the regulatory agencies to err on the side of pro-- = -
tecting human health.
The last uncertainty factor to consider is the likelihood of the
postulated exposures actually occurring. The exposure pathways identi- =
fied as complete under current land use conditions are all plausible and _
exposure ig either presently occurring by these pathways or such expo- - - -
sure could reasonably be expected. The postulated frequencies of occur-
rence may overestimate routine occurrence but could certainly reflect -
the reasonable maximum occurrence.
The first thing that must be addressed vhen considering the likeli- . '
hood of exposure actually occurring by a potential future pathway is
whether the postulated future land use is likely to occur. In this
case, it was assumed that the Saunders property might be converted to
regidential use. The Saunders property is presently bounded by residen-
tial areas on three sides, indicating future residential use of the
property is quite possible. Whether it is likely is another matter.
The property has been an industrial site for about 25 years and has been
ovned and occupied by the current owners since 1946. Vhile residential
use of the Saunders property is certainly possible, it is probably not
the most likely future use. -
Al11 soil-.related exposure pathways identified as potentially ¢om- ' 'f
plete under the future residential use scenario are quite plausible and
could be expected to mediate potential future exposures. However, expo-

sure to contaminants through use of site groundwater as a source of

drinking water is unlikely since the city of Suffolk has a municipal .

vater system that would be available to any new homes constructed on the

site. ‘
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8.5.3 Summary Discussion of the Risk Characterization
. This section will review and summarize the key elements of the risk

assessment process for the. Saunders site. .

Characterization of Contamination Present at the Site
The remedial investigation was designed to-oharacterlze the nature,
extent, and limits of comtamination orig{hatihg at the Saunders property
and has successfully accomplished that goal The possiolémsource areas
were .identified based on a reviev of past and current industrial activi- - - - -
 ties at the site...All of the possible source areas were then investi-
gated using various field techniques and by collection and laboratory
analysis of samples. In this wéy, theAnature-of.the contamination vas

characterized and its extent defined.

Given the historical information available about the Saunders
property it seems unlikely that any significant oodrceﬂareas were
overlocked. Since samples'were'colléofed from the central parts of all
source areas and, in most cases, were analyzed for the full TCL plus any
non-TCL organics that were found, it is also unllkely that any

'. significant ‘contaminants would have been missed.

Major Factors Driving the Estimated Site Risks

The potential current risk to workers and future risks to resi-
dents, should the Saunders property be converted to residential use,
would be due mainly to the proximity of the soil contaminants to the
ground surface and the contaminants’ toxicity. If groundwater were to
be used by future residents as a drinking vater source, they could face

additional, potentially significant risks from exposure to PCP.

Characteristics .of the Potentially'Exposed Populations

Normal site. act1v1ty is 11m1ted to mov1ng drled treated lumber by
forklift and 1oad1ng it onto trucks. Presently, these positions are
occupied by males. Saunders workers load and unload 1umber from the
ground using fork 1ifts and drive across the ground but have no direct

work activities with soils on the Saunders property.

® oo
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Potential future residents of the Saunders property would be
expected to exhibit demographic characteristics typical of the City of
Suffolk, Virginia. ) .

Magnitude and Sources of Risks Posed by Site Contaminants

BPA has recently adopted the policy that acceptable exposures to
known or suspected carcinogens are generally those that represent an
excess upper bound lifetime cancer rigk to'an individual of between 10_4
and 107° {or one in 10,000 to one in 1,000,000). 1In addition, EP& will
use the 10‘6 risk level as the point of departure for dete;mining reme-
diation goals for NPL sites. For systemic toxicants (noncarcinogens)
EPA defines acceptable exposure levels as those to which the human pop-
ulation, including sensitive subgroups, may be exposed without adverse
effects during a lifetime or part of a lifetime, incorporating an ade- - . .. ..——
quate margin of safety (EPA 1990a). This acceptable exposure level cor- e
responds to a hazard index of 1. If the hazard index is less than 1, no
adverse effects would be expected. If the hazard index is greater than

1, adverse effects could be possible.

The magnitude of the potential carcinogenic risks posed by site
contaminants is summarized in Table 8-37 and for current and future land.. ‘
use conditions. Tables 8-38 and 8-3%9 summarize the corresponding non-
carcinogenic risks. Detailed information used to construct these tables
is presented in Appendix K. Also included in these tables ére the
exposure routes and chemicals primarily responsible for the potential . S
risks.
Under current land use conditions, total estimated cancer risks for
workers by all three exposure routes--snil ingestion, so0il dermal
adsorption, and soil particulate inhalation--were 3.6 x 1974, exceeding

EPA’s acceptable range. Under potential future on-site residential use

conditions, total cancer risks for all three soil exposuré routes of
-4
%.9 x 10

breakdown of percentage of total estimated cancer risks by exposure

also exceeded the acceptable range. Table B-37 displays the

route. It is particularly noteworthy that soil ingestion dominates

risks with over 70X of total risks attributed to this exposure route for -

both use conditions of the Saunders property.
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Table 8--38

SAUNDERS HUMAN HEALTH RISK ASSESSMENT
SUMMARY OF ESTIMATED NONCARCINOGENIC HAZARD INDICES
UNDER CUBRRENT LAND USE CONDITIONS

Chemicals Primarily
R e e e — ..—- - Responsible for Risks
Exposure Scenaric = Receptor Exposure Route Hazard Index in Order of Importance

Current On-Site Workers

Adult Soil Ingestion 1.0 x 10 Arsenic, Copper
Scil Dermal 1.0 x 1072 Arsenic, Copper
Absorption
Beil Particulate 2.1 x 1073 Arsenic, Coppef
Inhalation

-1

Total 1.2 » 10

02{UZ]1zZp3081:D3123/5049/15

Source:_. Ecplogy and Environment, Inc. 1891. . - S -

. 8-91

recycled paper

AR301LEE T




...

Table 8-39
SAUNDERS HUMAN HEALTH RISK ASSESSMENT

UMDER FUTURE LAND USE CONDITIONS

SUMMATY OF ESTIMATED NONCARCINOGENIC HAZARD INDICES

Exposure Scenarie Recepto

4 Exposure Routes Hazard Index

Chemicals Primarily
Responsible for Risks
in Order of Importance

ruturs On-Site Residential

AR3D 1449

outdesr Soil Adult Soll Ingestion 2.7 x 11)_2 Pentachlorophencl, Arsenic
Exposures Male -2 )
= Scoil Dermal 1.0 x 10 Pentachiorophenol, Arsenic
Absorption
So0il Particulate 5.1 x 10_4 Arsenic, Pentachlorophenol,
Inhalation Copper
Total 4.0 x 1072
child Soil Ingestion 2.3 x 10“1 Arsonic.-Pentachlorophenol
S0il Dermal 6.1 x 107% " Pentachlorophenol, Arsenic-
Absorption
So0ll Particulate 2.2 ® 10—3 Arsenilc, Pentachlorophencl
Inhalation . —_—— .
Totxl 3.0 x 207% -
Groundwater Use Adult Water Ingestion 1.5 x 10-:L Pentachlorophenol
Lower Agquifer a4
Water Dermal 3.4 x 10 Pentachlorephenol
Absorption
Alrborne chemical 2.6 X 10_3 Fentachlorophenol
Inhalatien o
Total 1.6 x 107¢ -
droundwater Use Adulit Water Ingestion 1.2 x 10"1 Pentachiorophenol
Upper Agquifer - —2 - -
Water Dermal 2.6 x 10 ° . Pentackiofophenol .
Absorption 7
Airborne Chemical 2.0 x 10> Pentachlorophenol
Inhalation s )
Total 1.2 x 1078 —
02[UZ2]ZD30RL:D3123/5050/14
Source: Ecelogy and Environment, Inc. 1991, o
8-92




r____j

For potentizl future residential use of groundvater, cancer risk
estimates are presented separately for the lower aquifer and the upper
. ~aquifer. In both cases the total estimated cancer risks from all three

—4 te,lafs range. Exposures by

routes exceeded the acceptable 10
ingestion of drinking water accounted for 97% of the total estimated
cancer risk due to groundwater use. '

None of the exXposure pathways that are complete under current land
use conditions were estimated to result in pefehtial exposures to non-
carcinogenic contaminants that might produce adverse health effects.
The total estimated hazard index. (Table 8-38) was 1.2 x 10_1, vhich is
approximately one eighth the benchmark level of_l,'above which some
adverse effects might be expected. -

Table. 8-39 indicates that potential e#posure to PCP through
groundvater usage could also result in adverse noncarcinogenic health
effects should the Saunders property be converted to residential use

without prior remedial measures. ' Table 8.39 indicates that potential

future residential use of groundwater contalnlng the highest PCP
concentrations observed in the Yorktown aquifer would not pose a
significant risk of adverse noncarcinogenic effects (Hazard Index <1).
. However, if the PCFP concentration in the Yorktown agquifer rose as high
as those observed in the Columbian water-bearing zone, and the water was
used for domestic purposes, adverse noncarcinogenic effects could occur
(Hazard Index = 12). With the availablllty of public water via the
municipal supply system, the use of groundvater as a drinking water
source is vetry unlikKely, even if the site were eonverted to residential
use. e T N o ": |
Exposure to soil contaminants only would not be ekpected_to have
noncarcinogenic adverse health effects; the total hazard indices for

both adult and child receptors was less than 1.

Nature of Potential Adverse Healthﬁﬁéfecté
Based on the above results the only chemicals contributing to
potentially significant adverse health effects under current land use
conditions are arsenic, PCP, and dioxin/furans. Arsenlc is considered a
human carcinogen based on epidemiological studles ln workers
occupationally exposed to this chemlcal, whereas PCP and dioxin have
. produced cancer in rodents.

8-93
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The same chemicals could contribute significantly to potential
adverse health effects if the Saunders property were to be converted to
residential use without prior remedial measures being taken. The
adverse health effects of these chemicals afe described in Appendix K.
They are also included in Tables 8-25 and B-26, along with information
on critical effects and the strength of the evidence supporting the

toxicological assessments.

Level of Confidence/Uncertainty in the Risk Estimates _

As discussed fully in earlier Sections (8.3.9, 8.5.2) of this
report, the level of confidence in the exposure estimates is moderate to
good. The level of confidence in the toxicity estimates varies from
chemical to chemical as shown in Tables 8-25 and B-26.

Overall, the level of confidence in the risk estimates are also
moderate to good. However, as noted earlier, the nature of the risk
asgessment process strongly favors overestimation of the true risks.
Accordingly, the risk estimates presented here are quite likely to over-

estimate the true risks but unlikely to underestimate them,

BR30145]




9. ECOLOGICAL ASSESSMENT

9.1 INTRODUCTION AND METHODS

The purpose.of the ecological assessment is to determine if con-
taminants related-to the Saunders wood treating facility'are present in
nearby surface vaters and sediments in available concentratlons
sufficient to cause adverse ecological 1mpacts. As part of the
ecological assessment, risks to the ecolog1ca1 environment are
addressed. The approach taken in the ecological risk assessment is
based on EPA (1989e, 1989f). Section 1 of this report shou}d be
referred to for information on the_B;ckgfe;BdgﬂgstorfAend description of
the Saunders facility.

A wide variety of tools for detecting the effects of chemical
stress on biological communities were evaluated for applicability to
this. assessment. Table 9-1 summarizes commonly used biclogical param----
eters and evaluates their usefulness for this ’study. Upon evaluation of
the expense, level of effort, and suitability of each parameter, rela-
tive to available resources ‘and knowledge of site conditions prior to
the initiation of this study, appropriate parameters and ecological end-
points were chosen for measurement. A summary of. these 15 prov1ded in
Table.9-2. The methods and results of the evaluatlon of these endpoints
have already-ﬁeen described in Sections 2.9, 3.11, and 5.6. The results
of the ecological assessment can be used to support the development of
appropriate cleanup goals for the Saunders study area.

The specific objectlves and organlzatlon of thls assessment are as

follows. =~ . L
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Table 9-1 ‘

BIOLOGICAY. PARAMETERS FOF ECOLOGICAL
ASSESSMENT OF CHEMICAL STRESS

Effect Observed in Stressed

Faramstor vs. Unstressed System Use Warranted?
1. 1Indicator Species Absence of sensitive species No
2. Physlological Gross pathology {tumors, Yes
condition lesions, wilted feollage, etc.)
3. Riomass and Some elements of biota Jlower, Yes
Abundance some higher
4. Bilotic Indices Systematic difference No
5. Species Richness Usually lower o . . No
6. Species Diversity No reliable, systematic . No
effact
7. Single-species Toxic effects on survival, Yes
toxicity bioxssay reproduction, or growth
8. Biomarkers Altered enzyme activity, DNA No
abnormalities, tiszsue residues
of contaminants, histopathologi- .
cal and gkeletzl abnormalities,
physiological dysfunction

02[UZ)ZD3081:D3123/4087,/23 oo .

Source: EPX 1989b; Ford 158%.

8-2
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Table 9-2

MEASUREMERT ENDPCINTS UTILIZED FOR ECOLOGICAIL
ASSESSMERT OF THE SAUNDERS SITE

Parameter Endpoints Measurement

Physiological condition Fish tumors Vigual or photographic
Fish reproduction evidence ¢f presence or
Stressed vegetation absence

Biomass and abundance- © ~ Fish community ..~ . Qualitative assessment of
Macrobenthos relative abundance and species
Vegetation composition

Single-species toxicity Daphnia ﬁagna;ﬁmﬁm.dﬂ=d_wj o Lo o

bicassay o --Survival angd Number of survivors and
repreduction - .. - - number of progeny

Chironomus tentans: e e e
Survival- and Number of survivors, weight
growth and length

Sourze: Ecology

recycled paper

03{UZIZD3081 03123 /4068/18

and Enviconment, Inc. 1991,
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Exposure Analysis (Section 9.2)
o Identify contaminants of concern;

o Identify environmental receptors, i.e., populations and
communities potentially exposed to the contaminants of
concern; and

o Derive exposure concentrations, or expected environmental
concentrations (EECs) for contaminants of concern.

Toxicity Assessment (Section 9.3)

o Review the available toxicological literature on contam-
inants of concern; and

o0 Derive benchmark criteria (BC) and Environmental Concern
Levels (ECLs) for contaminants of concern.

Ecological Risk Assessment (Section 9.4)

0 Assess the baseline risk to the potentially exposed biota
under the no-action alternative; and

o Evaluate evidence of adverse ecological effects related to
the site, based on the relationship between results of
chemical analyses, toxicity tests, benthiec surveys, and
exposure/toxicity assessment {EPA 198%e; 1989f).

9.2 EIPOSURE ANALYSIS

Identification of Contaminants of Concern

erated by CCA wood preservation facilities (Konasewich and Henning 1988)
or PCP wood preservation facilities (Eisler 1989) were considered to be
the contaminants of concern. Arsenic, chromium (total), chromium VI,
copper, dioxin/furans, and PCP were identified as contaminants of
concern, based on the literature and information on site contaminants

provided in Section 6.

Identification of Bovironmental Receptors
Envircnmental receptors are populations and communities of organ-
isms potentially exposed to contamination. For the purposes of the risk

agsessment, a subset of environmental receptors were chosen to serve as

9-4 . -
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biotic focal elements for analysis. Criteria for selection of particu-

lar species or groups of species as focal elements are as follows:

. o Focal elements of the biota are species or communities of
intrinsic importance for economic or recreational reasons,
or for regulatory reasons (e.g., endangered species), or
that could serve as vectors for human exposure;

o Focal elements are known to provide an early warning signal
of potential effects, or are particularly and reliably
sensitive to chemical stress;

o Focal elements are known to play a critical ecological role
in the food chain, or are indicative of alterations in eco-
system processes such as energy flow or nutrient cycling;
and = .. T Lo oo TInoo oI

o Focal_elements are répresentative of or are known to occur
in habitats potentially affected by contamination.

The Virginia Department of Conservation and Recreation’s Division
of Natural Heritage database contained no fecords of natural heritage
resources, such ag rare gpecies or exemplary natural communities, in the
study area. Records of three aquatic species were found within a 15-
mile surface water rangelgf_thé Saunders prégzrtj. These include the
. lined topminnow, the sawcheek darter, and the Tidewvater amphipod (see
Section 2.9.2). i C

Given the absence of recorded observations for these species within
the study area, no effort was made to consider them explicitly in the
risk assessment. However, the approach taken (see below) to protect
aquatic life should extend a degree of safety for theserspecies, should
they occur in the area. .~ -~ . =i '

In addition, the Virginia Department of Game and Inland Fisheries
reported no wilderness areas, natural areas, or scenic rivers in the
immediate vicinity of Chuckatuck, Virginia. Three wildlife refuges
(Nansemond, Dismal Swamp; and Back Eéy) afe in the general area,
hovever, and Dismal Swamp Wildlife Refuge borders the Chuckatuck Quad.
These wildlife refuges are not close enough to Saunders to be impacted
by site contaminants, but they could conceivably provide source
populations of crifical species to colonize the vicinity of the project

area. In addition, three special status terrestrial species are known

® .
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that may exist in the vicinity of the Suffolk and Chuckatuck Quads,
according to the Department. These include the bald eagle, the
rafinesque’s big-eared bat, and the Dismal Swamp southeastern shrew (see
Section 2.9.3).

Bald eagles may be observed in the area but none are known to nest

in or near Chuckatuck Quad. Rafinesque's big-eared bat occurs near

Dismal Swamp but has not been reported from Chuckatuck Quad. The Dismal ..
Swvamp southeastern shrew has been reported from Chuckatuck Quad (Kitchel

1991).

It is unlikely that the Dismal Swamp southeastern shrew is located
within the confines of the Saunders property given the industrial _
activity associated with the wood treatment operations. The site would
need to be surveyed by a specialist to determine the presence or absence
of this shrew on the Saunders property.

The primary contaminant exposure routes to the environment are
through the agquatic ecosystem. Therefore the ecological assessment
detailed aguatic species exposure to contaminants derived from the
Saunders property. Terrestrial exposure routes would be considered if
terrestrial species, such as the Dismal Swamp southeastern shrew were
documented to exist on the site.

Fish populations in Geodwin’s Millpond are of recreational
importance to local residents, although no single species could be
considered to be of commercial significance. Therefore, this risk
assessment considers the community of lacustrine, aquatic life as focal
elenents of the biota. This approach is intended to protect fish
populations from the direct effects of toxic concentrations of con-
taminants, as well as from the effects of contaminants on 2ooplankton,
phytoplankton, and benthos, the food sources of the fish. Observations
of terrestrial species encountered during the field survey did not
suggest the potential of contaminant effects upon this element of the

ecological community.

Derivation of Exposure Concentrations '
Bxposure assessment inveolves the determination of EECs of the
contaminants of concern, in space and time, at the interface with

environmental receptors. On the basis of E & E’'s field reconnaissance,

9-6
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vhich indicated Tittle evidence of pronounced ecosystem dysfunction

{Section 3.11), the time and expense of developing a gite~gpecific fate
and transport computer model were not justified. Instead, EECs were
developed, based on the ambient concentrations of contaminants as
measured in field samples and presented in Section 5. EECs were then
derived from réalistic exposure scenarios for each of the selected focal
elemerits of the biota (e.g., fish'exposed to émbient concentrations in
the water column). ' C

The Saunders wood treating facility itself does not represent
significant wildlife habitat because of its nature as an industrial
area. In addition, contaminant levels in habitats from the surface
water bodies that drain the site are likely to reflect exposure
concentrations for aquatlc organlsms more accurately than contaminant
levels at the facility. Therefore, available neasurements of chemical

contamination in water and sedlment of these habltats were used to

calculate EECs,

Exposure analysis was limited to the surface water column. It was
not possible to conduct exposure analysis for sediment-bound metals
because the bicavailability of contaminants was not known. In general,
for benthic organisms the sediment pore water concentration of contam— . |
inants is a better measure of available toxins than total sediment
concentrations. Poor water cohcehtration of non-polar organics can be
estimated using the equilibrium partitioning (EP) approach (EPA 1989i).
Hence, this method would be appropriate to derive EECs for sediments
with PCP and dioxin/furan contaminants. For_metals, however, there are
no generally accepted methods for deriving pore water concentrations
using the EP or other approaches.

The RAGs Human Health Evaluation Manual recommends developing both
an "average exposure" and a "reasoconable maximum exposure." This is the
procedure followed in Tables 9-3 - and 9—4,mﬁsinérm;dianpecific
concentrations _of contaminants as measured at each location.

For the lacustrine aquatic community, a realistic.worst case expo-

sure scenario would involve continuous lifetime exposure to average

levels of contaminants of concern found in Godw1n s Mlllpond Short
duration acute exposure to the areas of greatest contamination could

also be considered as 4 redlistic worst case. Additional exposure could

5-7
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‘table 59-3

ESTIMATED ENVIRONMENTAL EXPOSURE CONCENTRATIONS (EECs)
FOR SHORT DURATICN (ACUTE) EXPOSURES

Envircnmental
Exposure
1 Concentra%ions
Location Chemical {pe/L)
Godwin’s Millpond Arsenic3 <10
(GW~-1, GW=-2, GW-3 Chromium <10
GW-5, GW-6) Chromium VI T <10 -
Copper NQ
pCP 50
Cedar Creek Arsenic 15.0
{CE~-1, CE-2, CE-3) Chromium <10
Chromium VI - <10
Copper Ng
PCP <50
Chuckatuck Cresk Arzenic 23.0
{C¥-1, CR-2, CK-13) Chromium <10
Chromium VI <10
Coppar NQ
rep <50
Intermittent Stream Arsenic . 6.5
{Is-i, Is-2, 1I5-3) Chromium <io
Chromium VI <10
Copper NQ
PcP <50
Reference Site Arsenic <10
(GW-¢) Chromium 2.4
Chromium VI <10
Copper Ng
PCP N - <50

0Z[UZ]1ZD3081:D3123/4080,729

Key:

15!& Figure 5-12 for leocations.

2short duration {acute) ECCs were estimated to be the highest
meagured concentration of anv sample at a given location; if
duplicate samples ware taken, the average was used.

aarscnic levels are dissolved fraction; other metals are non-
dissolved fraction.

NQ = Not gquantifiable {(see Section 5.3 of %ext).

Source: Ecology and Environment, Inc. 1991. B e e e
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rable 9-4

ESTIMATED ERVIRONHENTAL. EXPOSURE CONCENTRATIONS (EECS)
i 'FOR LONG DURATION (CHRONIC) EXPOSURES

Environmental
EXxposure

1 Concentrasions
Location Chemical {pgsL)
Godwin's Millpond , ArseniCBT, . . <10
{GW-1, GW-2, GW-3 - Chromium <10
GW-5, GW—6) Chromium VI <1
Copper . NQ
PCP <50
Cedar Creek “"Arsenic e 13.0
(CE~1, CE=-2, CE-37) Chromium <10
Chromium VI = ) <10
Copper =~ Ng
PCP . - <50
Chuckatuck Creek Arsenic B 11.0
{CK-1, CK-2, CK-3} Chromium <10
Chremium VI ’ - <10
Copper ’ Ng
rce <50
Intermittent Stream’ ) arsenic ... B .- 5.3
({Is-1, Is=2, Is-3) chromium <10
Chromium VI T <10
Copper nQ
PCP <50
i Reference Site . - . -—Arsenic : <10
. (GW-4) Chromium 2.4
Chromium VI : o <10
Copper NQ
PCP <50

T 03[0%]2D3081:D3123,4091,/328

Key:
1gee Figure 3-6 for locaticms.

2Long duration {chropic) EECs were estimated to be the average
of measured concéntration for all samples at & given lecation.
If some but not all of the samples were ND, the value for that
sample was taken to be the average of 0.0 and the detection
limit for that compound; if duplicate samples were taken the

~average was used. - -- : - c -
3Ar§enic levels are dissolved fraction; other metals are non- -
dissolved fraction.

N = Not guantifiable {see Segtion 5.3 of text).

Source: Ecology and Envireomment, Inc. 1951, e

 AR301LEG=




arise from biomagnification of these contaminants through the food
chain. PFor certain individuals, the chronic exposure concentrations
could be higher or lower depending on the spatial distribution of
populations. Therefore, the exposure scenario was designed to represent
an approximation of average effects on aquatic populations.

EECs for contaminants of concern (except for dioxin/furans}) are
given in Table 9-3 and Table 9-4. WVith thg exception of arsenie, nearly
all contaminants of concern were not found at EECs (short and long
exposures) above detection limits in surface water samples. Copper
concentrations were not quantifiable due to the inability of
distinguishing any difference between samples and blanks (see Section
5.3). Chromium was found at an EEC above detection limits at only one
location, the Reference Site {GW-4).

Dioxin/furans sampling in the surface water was conducted on a
smaller subset of samples, which did not include any of the locations
off site. Hence, dioxin/furans contamination of surface water is not
considered in the ecological assessment, and no EECs for dioxin/furans
were derived.

Since there was no evidence of impacts from the field survey of the
terrestrial environment, and because the primary pathway for migration
of contaminants is through surface runoff and leaching of groundwater to
the adjacent aquatic ecosystems, a detailed scenario for terrestrial

receptors was not developed.

In addition, since none of the metals identified as contaminants of
concern bioaccumulate to a significant degree in freshwvater organisms,
and since neither PCP nor dioxin/furans were identified in sediment or

surface wvater samples from aquatic ecosystems, the potential for -

exposure of fish-eating birds and mammals through their food was

considered negligible.

9.3 TOIICITY ASSESSMENRT

Review of Toxicological Literature
Information concerning the toxicity of the contaminants of concern

wvas reviewed using a wide variety of literature resdurces.—

9-10
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Brief toxicological.profiles of arsenic, chromium (total), chromium
VI, copper, and PCP are found in Appendix K, which includes information
. relevant to both human and wildlife.receptors.

Perivation of Benchmark Criteria and Enviioﬁﬁental Concern Levels
Toxicological BC wére derived for focal elements of the biota based
on the literature review. BCs are toxicological indices of effects,
usually based on laboratory bioaésays of sinpgle specles exposed to
single toxic compounds. A threshold concentration for significént
effects on survival, grovth, or"réprd&ﬁctionrguch as the maximum
acceptable toxicani conecentration (HATC) is usually used as a benchmark
for chronic toxic effects. “The MATC is QSSUmeéito lie between the
no-observed ecffect levél.fNGEL)'and the lovest-observed-effect level
(LOEL) for a given contaminant (Sﬁféf'iQSS).':Théﬂéfah&ard BC for acute
toxic effects is.the lethal concentration for 50% of the population
(LC

5000 . .
Toxicological benchmarks are frequently modified to provide assess-—

ment endpoints, in order to account for'unceryainties in extrapolating
| from laboratory data to field situations, by multiplying the BC by an
;. uncertainty factor ranging from 1.0 to 0.001.7 Uncértainty factors used
to modify BCs and their rationale are shown in Table 9-5. The product
of a2 BC multiplied by an uncertainty féétbr ig an assessment endpoint
termed the Environmental Concern Level (ECL).
The derivation of BC and ECLs for enviromnmental receptors was based
on published EPA Ambient Vater Quality Criteria (AWQC) (see Table 9-6
and Table 9-7). “Acute AWQC are based on LCSOs-onEC50s, and chronic
AVQC are based on MATCs. The EPA AWQC are intended to protect 95% of == . —
aquatic species, and should therefore indicate appropriate ECLs for the

aquatic organisms of Godwin’s Millpond,_vith uncertainty factors = 1.0.
9.4 RISE ASSESSMENT
Evaluation of Baseline Risk

The evaluation of baseline risk to potentially exposed biota was

based on application of the quotient method (Suter 1986).

9-11
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Table 9-5 : - - -

UNCERTAINTY FACTORS AND THRIR APPLICATION

Uncertainty Factor

Application te¢ ECLs

0.10 - 1.0

0.0%L0

6.0010 — 0.010

Intermecdiate Factors

Used when MATC {(or NOEL)} data is unavailable
and LOEL data is used instead. The range of
the factor depsnds on the reliability and
appropriateness of the data and the experi--
mental design.

Used when data for the biota of concern are
unavailable but valid long-term studies for
other species are used.

Used when data for the biota of concern are
unavailable and studies of less than chronic
exposure are used. The magnitude of the
factor depends upon the data and experi-
mental design.

Other uncertainty factors may be used bazed
on scientific judgment.

02[UZ}zD3081:D3123,/4090,/24

Source:! Doursen and Stara 1983; Barnes and Dourson 1%88; EPA 1984.
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Table 9-6

ENVIRORMENTAL CORCERN LEVELS FOR AQUATIC ORGANISHS,
ACUTE EXPOSURE -

Saelected Acute

Benchmark Ciiteria ~ quertaigt?_ Acute EQL
Chemical. . {ugsL} Factor {rg/L)
Arsenic4 oo Rl 111) B ' 1.0 80O
. 5,6
Chromium 330 1.0 980
Chromium VI © .. 16 - S R 1
Coppar6 ) : ez T 1.0 9.2
pcp’ = 5.1 . . - - 1.0 5.1
0Z[UZ12D3081:D3123,/4082,/30
Key:

lVa.lue based on Ambient Water Quality Criteria for protection of

freshwater aguatic organisms.
2See text. .- . _. e PR - .

3ECL = BC x_Uncertainty factor.

4Arsenic,v.

5Chromium IIX.

EHardness dependent criteria; value given is for hardness 50 mg/L
as CECOB. i - --

TpH—dependent criteria; value given is feor pH 6.5.

Sources: .EPA 1985a,b,c; 1986; 1988.°

9-13

ARFE VB




Table 97

INVIRONMENTAL CONCERR LEVELS FOR AQUATIC ORGANISMS,
CHRUNIC EXPOSURE

Selected Chronic
Benchmark Ciiteria

Uncertaigty

Chronic_ECL

Chemical {pg/Li} Factor (,ug/L)3
Arstnicd - 48 1.0 _ 48
Chromium’® 120 1.0 -120
Chromium VI 11 1.0 11
Copper 6.5 1.0 - .B.5
pcp’ 3.2 1.0 3.2

0Z[Uz12D3081:D3123,4003,/29
Kay:

1Value based on Ambient Water Quality Criteria for protection of
freshwater aquatic organisms,

2s-e text.
3

ECL = BC x Uncertainty factor.

thsenic v.

SChronium III.

SHardness dependent critetria; value given is for hardness 50 mg/L

as CaCDB.

7

Sources:

EPA 1935a,b,c; 1986; 1988.
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The quotient method is 'a standard approach for scfeening sample

locations for potentially toxic concentrations of chemicals. It

involves calculating the ratio of each EEC to the corresponding ECL.
. The higher the ratio is (greater than 1.0), the higher the probability
of significant risk to the receptor population.

The comparison of ECLs to EECs for .each of the contaminants of
concern is given in Table 9-8, for acute exposures, and Table 3-9 for
chronic exposures. All of the ratios are less thanrbhe, for arsenic,
chromium, and chromium VI, indicating exposures below concern levels for
these contaminants . at all locations. Copper concentrations were not
quantifiable, as discussed earlier; therefore the ratio was not
determined. As for PCP, the detection level of 50 pg/L vas higher than

the acute or the chronic ECL for this compound; therefore it is not
possible to determine whether the high ratic (1) for this contaminant
indicates a‘sigﬁificant risk to the biota. Any levels above the
detection limit, had they been found, would have indicated serious
contamination, since_the detection limit was nearly 10 times greater
than the acute ECL (see. Table 9-8). '

On the basis of the quotient method, there does not appear to be a
; significant risk to agquatic. life in Godwin’s Millpond or adjacent
. streams from the levels of arsenic, chromium, and chromium VI in the
surface water. It is not possible to make a determination of the risk,
if any, from levels of copper and PCP in ﬁurfahé wvater.

Although it is not possibie to quantify the risk from levels of
copper, high concentrations of “this contaminant were found in runoff
water samples RV-1 (181 ug/L) and RW-2--(207 ug/L) (see Section 5.3).
These levels could present a risk to aguatic life,Asince they signif-
icantly exceed both chronic and acute ECLs.

The main points of further consideration for the risk assessment

are as follows:

¢ The presence of oily film and odor in sediments;

o The presence of a tumor on bne of the fish collected from
Godwin's Millpond;

o The low incidence of invertebrates collected from Godwin’s
Millpond;

®
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Table 95-8 1

EEC/ECL RATIOEZ FOR AQUATIC ORGARISMS,
ACUTE EXPOSURE

3

Acute ETC Acute ESL EEC/ECL
Location Chemical (pg/L) {(pg/L) Ratio
Godwin’s Millpond Arsenic X10 800 <0.01
Chromium <10 980 <0.01 : R
Chromium VI <10 16 . _<0.63 - - -
Copper NG 9.2 NQ
PCP <50 5.1 - . ¢9.8
Cedar Creek Arsenic 15.0 800 0.02
Chromium <10 980 . T «eon.01 . )
Chromium VI €10 16 - <0.63
Copper NQ 9.2 NQ
PCP <30 5.1 - s £9.8
Chuckatuck Creek Arsenic 23.0 T 8090 0.03 Z
Chromium <10 380 <0.01 _
Chromium VI <10 16 <0.63 - .
Copper NQ 2.2 o o] -
PCP <50 5.1 . . €9.8 -
Intermittent Streanm Arsenic 6.5 - 800 0.01
Chromium <10 230 €0.01
Chromium VI <10 16 <0.0L
Copper NQ 9.2 NQ
P <50 5.1 — —— 9.8 _
Referance Site Arsenic <10 800 <0.01
Chromium 2.4 980 <0.02 . . .
Chromiunm VI . £10 16 <D.563 R z
Copper R =] 9.2 o) : -o=
PCP . . .._£5D 5.1 .- <9.8

0Z[UZ]ZDI0E1 DIT2575096721 o T
Xey:

R = Not quantifiable (seea Section 5.3 of text).

1Acutt EECs are from Table 9.3. - -

2Acutt ECLE are from Table 9.6. : - . -

3Ratio is unitliéé; rounded to twe significant diéits.

Source: Ecology and Environment, Inc., 1981. [




Table %-9

EEC/ECL RATIQS FOR AQUATIC ORGANISMS,
CHRONIC EXPOSURE

3

o (Chronic,BEC ~ "' Chromic,ECL EEC/ECL
Lecation Chemical (pg/L) {rg/L) Ratio
Godwin’s Millpond Arsenic <10 48 <0.21
Chromium <10 120 <0.08
Chromium VI <10 i1 <0.81
Copper NG 6.5 Ho
PCP <50 3.2 <15.6
Cedar Creek Arsenic --13.0 48 0.27
Chromium <10 129 <Q.08
Chromium VI <10 11 <0.91
Copper NG . 6.5 NQ
PCP <50 3.2 <15.6
Chuckatuck Creek Arsenic 11.0 48 0.23
Chromium <10 120 <0.08
Chromium VI '~ T Llelo . T 1l <0.91
Copper NQ 6.5 file]
PCP - ¢S50 3.2 <15.6
Intermittent Stream’ Arsenic TR gyt oo 48 0.1t
Chromium <10 120 {0.08
Chromiam VI - ... - <10 11 <0.91
Copper hile] 6.5 hije]
PCP ¢S50 3.2 <15.6
Reference Site Arsenic’ - <10 48 .21
Chromium 2.4 120 0.02
Chromium VI .. L’ 11 <0.91
Copper T T NG 6.5 NQ
PCP B <50 3.2 <1l5.86
= = — = GZ1UZ12D3081:03123,4095,20
Key:
NQ = Not quantifiable {(see Section 5.3 of taxt).
lchronic BECS aré from Table §=3... - R
2chronic ECLs are from Table 9-5.
3Ratio.is unitless, rounded te twe éigﬁifiéanﬁ digits..

Source:

recycled paper’
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¢ The spatial pattern of chemical contamination of sediments;
and

o Chronic toxicity of sediments as indicated in bioassays.

&n oily film and odor were noted along the intermittent stream
upstream and downstream of the Saunders property, and at all sample
locations on Godwin’s Millpond. The widespread occurrence of this
apparent contamination indicates the presence of source(s) other than
Saunders. A historical contribution of Saunders to the problem cannot
be conclusively ruled out, nor can the Saunders wood treating facility
be definitively implicated as contributing to this apparent
contamination. Boating activities and machinery on adjacent roads and
agricultural fields are potential sources of petroleum-based products
that would cause an oily film. On the other hand, the total petroleum
hydrocarbons found in sediments of the intermittent stream could be
related to the historical practice of spraying waste petroleum sludge on
the site for weed and dust control (see Section 1). However, petroleum B
compounds and byproducts were not detected in surface water samples from
Godwin’s Millpond. Therefore, the baseline risk from this source of

contamination can be presumed to be low, although o0il pollution could be

a contributing factor in sediment toxicity {see below).

The presence of a tumor on a bass collected from Godwin’s Millpond
is a possible indication of chemical contamination. A definitive link
of the gross pathology of the fish tumor to contaminants of concern - -
related to Saunders cannof be made, however, since a reasonably healthy
fish population was noted in the field survey, and concentrations of
contaminants of concern were not found at toxic levels in the surface
vater of aquatic habltats. e

The paucity of invertebrates collected in the intermittent stream
and Godwin’s Millpond could be partly related to lack of suitable habi-

tat, but the contribution of chemical contamination is implicated by:

o The results of sediment toxicity bicassay, showing chronic - = . -
reproductive toxicity for Daphnia magna at all sample
locations (Section 5.6); and '
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o The fact that very few aquatic.invertebrates were :
collected. "Aquatic invertebrates are sensitive to envi-
ronmental contaminants, and their low abundance and
diversity is an indicator of polluted conditions (Ford
19893}. . R . _

But, as with the fish tumor, this indication of chemical stress
cannot be definitively linkéd to Saunders, since concentrations of
contaminants of concern were not found at toxic levels in surface water.
Levels of these contaminants could be at toxic levels in sediment
samples, however.

| Guidelines for sediment pollution in the Great Lakes have been
published (Great Lakes Water Quality Board 1982), and these were used to
examine qualitatively if sediment-bound contaminants of concern were at
levels indicative of polluted waters. The data are shown in Table 9-10.
With the éxception of one sample exceeding the guidelines for chromium,
arsenic was the only contaminant showing concentrations above the recom-
mended limits. Tt should be noted, however, that the arsenic limits -
appear to be set at a level below that typically found in lake sedi- .-
ments. A range of 5 to 26.9 mg/kg arsenic for lacustrine sediments is
provided by Eisler (1988), for example. Only samples GW-6 (38.0 mg/kg)
and CK-3-(72.0 mg/kg) exceeded this range. It would not be expected
that the release of arsenic from CCA wood preservation at Saunders would
contaminate sediments at GW-6, which is upstream from the Saunders wood
treating facility. Local agricultural utilization of arsenical
pesticides might be a more likely source of arsenic contamination at
this location. " Although a historical contribution of Saunders to the
high arsenic concentration at the bottom of Chuckatuck Creek (CK-3}
cannot be conclusively ruled out, other sources (such as agriculture and
influx from tidal. influence) could be equally or more important
contributors to the apparent contamination.

Finally,'fﬁemﬁﬁiveréﬁi“ﬂiéiffﬁhiiph'BEWEEEBEib_}diic'éffects in
sediment samples from all locations, inc¢luding the reference site
(GV-4), indicates widespread sediment contamination (see Section 5.6).
Toxicity of sediment was observed in both elutriate and solid phase

tests with Daphnia magna, but the sediment was not toxic to Chironomus

tentans (Section 5.6)." 'D. magna and C. tentans could have differing

sensitivities and exposures to toxic chemicals and would not be expected
5-19
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Table 5-10

COMEPARISOR OF SEDIMENT CONTAMINATION
TC REGULATORY GUIDELINES

Samples Samples

chcan?raiion B

Limits Exceeding 2 Exceeding

Chemical (mg/kg) Lower Limit Upper Limit
Arsenic 3-8 Is-1, Gw--2 - GW~-6, CK-2, CK-3
Chromium 25 -~ 75 CK-3 _ None
chromium VI Na ND : ND
Coppert” 26 —~ 50 None Nene
PCP NA ND ND
02[U212ZD3081:03173,74056,/30

Key:

¥A = Limits not available
ND = Hot detected

lLiaits define the range for moderately polluted sediments; concen-
tration below the lower limit are considered non-peolluted, concen-—
tratiens above the upper limit are considered heavily pelluted
{Great Lakes Water Quality Board 1982). :

2

Swe Figure 5-12 for sample locations.

Source: Boolegy and Bnvironment, Iic. 19%1. . R




to have parallel respoﬂsés'in téxicify tests. Therefore, the results of
the laboratory bioassays demonstrate the potential for adverse effects
of sediments on some invertebrates, though~it ié not known if the
particular species vhich are present in Godwin’s Millpond (see Table
4-5) are adversely affectéd by sediment contamination. Due to the lack
of significant differences between reference aﬁdnother samples, the
toxicity of sediments cannot be attracted to the Saunders wood
treatment facility. In addition, the spatial distribution of
contaminants of concern in sediment samples is not correlated with this
pattern of toxic-effects, since only the two locations mentioned above
are contaminated with arsenic. Thus, as with the oily film and odor
discussed earlier, the extent of contamination indicates a source(s) of
contamination other than Saunders. Agricultural and waste disposal
activities in the area are possible contributors to‘the contamination,
but it iz not possible to identify any source.in particular from the
available data. ' o o

In summdry, the ecological assessment has found evidence suggestive
of the potential for adverse ecological ifpacts in sediments of Godwin’s
Millpond and adjacent intermittent stream aquaiic.habitats, based on
laboratory toxicity tests and the low abundance of aguatic macroinverte-
brates. The spatial extent of this contamination indicates a source or
sources .other than Saunders, however, and the spatial distribution of
" contaminants of concern in surface waters or sediments does not provide
any evidence that contaminants related to Saunders are the causal agent
of adverse ecological. impacts. The status of aquatic life in the area
suggests that the land use associated with the watershed and perhaps the
metal contamination is having a moderate effect on ecosystem health, but

fish populations of recreational importance appear to be adequate

despite the contamination.
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10. SUMMARY AND CONCLUSIONS

10.1 SUMMARY OF FINDINGS

The RI for the Saunders Supply Company, located in Chuckatuck, Vir-
ginia, was performed by E & E, under contract to EPA Region III. RI
field activities were conducted from May 1989 through November 1990.
The primary purpose of the RI wa§ to adssess the extent of contamination,
characterize the factors affecting the movement of the contaminants, and
evaluate the threat that the contaminants may pose to public health and
the environment. In addition, the information obtained will allow for
the development of remedial action alternatives as part of the FS.

The field investigations focused primarily within the Saunders
propertyrboundaries; portions of the adjacent Kelly property, as well as
on downgradient areas between the Saunders property and Godwin's
Millpond. 'édHWi57§:Miiibgﬁ& iéigvaabigéwdfiﬁkiﬁg water source for the
City of Suffolk, Virginia. - ‘ ‘"

Prior to sampling of environmental media, pfeliminéry field
activities were performed. Thesé activities consisted of a topographic
survey, an X-ray fluorescence survey, and a geophysical survey. The
topography of the. Saunders property is characterized by a slight topo-
graphic rise, which begins at the southwestern portion of the Saunders
property along Crumpler Lane and endsrig the viéinity of the former
conical burn pit. Surface drainage east of this ﬁise dis@harges
primarily to the north with the portioﬁ farthest east of the site
draining to the east into a series of catch basins associated with the
storm sever system of Route 10/32. Drainage collected by the sewer
system at this location is discharged to a surface swale, which
ultimately discharges to Cedar Creek. On the west side of the topo-

graphic rise, surface drainage from the Saunders property flows west and
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is either intercepted by the existing wastewater pond or flows directly
jnto an intermittent stream, which in turn flows into Godwin’s Millpond.

& grid was established across the site during the topographic
survey to assist the X-ray fluorescence and'geophysical surveys.
Results of the X-ray flucrescence survey, which were used to screen
surface s0ils for the metals of concern (arsenic, chromium, and copper},
were limited due to the relatively high instrument limits of ,
quantitation for the analytes (81, 123, and 193 mg/kg, respectively).
Surface so0il concentrations for chromium and copper were not detectable.
Hovever, arsenic was detectable having elevated concentrations in
several areas of the lumber yard and around the wood treating area. The
geophysical survey was conducted using an electromagnetic conductivity
jnstrument. Results from this survey were limited by cultural inter-
ferences from structures on the surveyed properties and overhead lines.
Additionally, a shallow clay unit existed immediately below the site,
which also affected the instrument’s capability. These interferences
resulted in az reduction in the planned geophysical survey.

In addition to the above-described investigative survey activity,
an ecological survey and cultural resource survey were performed. The
ecological survey provided information and observations to assess the
status of the surrounding natural environment and to determine the
potential ecological risk factor. As part of the ecological survey,
various state and federal agencies were contacted to determine if any
special status species or areas were within or adjacent to the study
area. The information obtained from these agencies indicates that the
Dismal Swamp southeastern shrew is a special status species that is
potentially present within the study area. It is, however, unlikely to
exist on the Saunders property.

A Stage 1A cultural resource investigation was performed. The
investigation found the study area to have a high sensitiv{fy for both
prehistoric and historic cultural resolfces. At this time, it is
recommended that the Virginia SHPO be contacted to inform them of the
Saunders project, and to request their formal recommendations as to the
type and level of additional cultural resources investigations that may
be necessary.

The invasive portion of the site work focused on the following

areas: surface soils, subsurface soils, groundwater, and surface vater
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and sediments. Surface soil.investigation indludedrargal_gomposite

sampling of the various operational arcas of the Saunders and Kelly
properties as well as discrete sample collection from areas of specific
interest (i.e., the wood treating process area) to determine surficial
contamination. The subsurface soil investigation was based on col-
lection of samples through the unsaturated zone for the identification
of below-grade contamination, and sampling into the underlying
water-bearing zones to determine stratigraphy and hydrogeological
characterization. Forty-three soil borings were installed. Of
particular interest was that geologic units known to exist beneath the
site were found at a much shallover depth (1es§h££an half) than the
depth suggested by literature. These geologic units have been

delineated as: o R

o An uppermost unit of fine- to medium-grained sand with
isolated silty and/or marshy clay. This uppermost unit
extends from the surface..to a depth of approximately 12
feet across most of the Saunders property;

0o A green-gray clayey unit approximately 2 to 7 feet in
thickness is located beneath the uppermost sandy unit.
This unit is identified as the confining clay layer in this
report; and

0 A silty sandy unit with locally fossiliferous bands was
identified beneath the green-gray clayey unit. Regional
studies indicate that this unit may be as thick as 100 feet
at the site (Teifke 1973).

Hydrogeologically, the uppermost unit is defined as an unconfined
aquifer of sands and 311ty sands (the Columb1a aquifer) The lower unit
is a confined aquifer of shell fragments, silts, and sand (the Yorktown
aquifer). The mlddle un1t is a confining clay layer of low hydraulic
conduct1v1ty actlng as an aqu1tard separatlng the two aquifers.

Groundwvater gradlent and contamination wgre evaluated through data
collected from,foﬁr”éxiéfiﬁg”site monitoring wells, two pumping wells
{the Saunders recovery weli and the irrigation well on the Kelly
property), and 18 monitoring wells installed during this investigation.
Ten of the wells installed during this investigation were screened in
the shallov water-bearing zone and the rémaining eight were screened in

the deeper water-bearing zone. The deeper wells on the Saunders
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property were isolated from the upper unit by double casing. Slug tests
vere performed on several of these wells to evaluate aquifer properties.

Surface water and sediment samples vere collected from five areas
to determine the extent of contamination. These areas include the
existing wastevater pond, the intermittent stream, Godwin’s Millpond,
Chuckatuck Creek (outlet of the milipond), and the drainage swale, which
discharges into Cedar Creek.

The following sections summarize the findings 0of the remedial
investigation with respect to the nature and extent of contamination,
fate and transport of contaminants, and baseline risk and ecological

assegsments.

10.2 NATURE AND EXTENT OF CONTAMINATION

Contaminants that appear to be distributed as the result of past
wood treating operations on the Saunders site include arsenic, chromium,
copper, PCP, and dioxin/furans. These contaminants have been identified
as those of potential concern. Background or reference concentrations
were determined using data collected from locations unlikely to be
impacted by activities on the Saunders property. Cumulative frequency
distribution plots were also constructed to evaluate background concen-
trations of arsenic, chromium (total), and copper in soils.

The results of the surface soil investigation sSuggest the distri-
bution of contamination is throughout most of the Saunders property and
a portion of the adjoining Kelly property. The widespread distribution
of inorganic analytes reported above reference or background levels may
be more extreme then actual on-site contamination because the surface
soll sampling was biased to include any potentially elevafed areas as
indicated in the X-ray fluorescence screening. Soil borings were placed
in areas of potential contamination based on past site operations. This
biased sampling may exaggerate the actual extent of on-site contami-
nation; nevertheless, elevated levels do exist, indicating that some
degradation of site soil and subseguent water guality has occurred.

Soil samples were not collected from beneath paved areas such as
building floors or the concrete drip pad. Since wood-treating
operations predate the paved areas, the paved areas particularly beneath
the drip pad located in the wood treatment area may have elevated

concentrations of some contaminants.
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Most of the inorganic contamination is limited to the surface soils
immediately surrounding the active wood treating operations, and the
sediment in the runoff water catch basins. The surface soils and
sediment in the runoff basins show elevated levels of arsenic, copper,
and chromium. Unfiltered water samples collected from the monitoring
wood treating operations, and the intermittent stream west of the site
shov some evidence of arsenic, chromium, and copper contamination.
Unfiltered groundwater samples were generally turbid, and analytical
results obtained from these turbid samples may be more reflective of the
sediments in the aguifer than the grouﬁdﬁgiér<iﬂ-the aguifer., Filtered
groundwater samples indicated only the shallow monitoring wells
immediately adjacent to the wood treating operations had elevated
concentrations of arsenic and chromium with respect to the background
concentrations. None of the concentrations detected in the filtered
groundvater samples were above groundwéter,standards.

The primary organic contaminants include.PCPiand dioxin/furans.

PCP contamination is limited mainly to soil and sediment on the Saunders
property and groundwater. Most of the surface soil within the fenced
portions of the property, and several isolated areas at greater depths,
have concentrations of PCP that exceed 1,000 pg/kg. The sediments of
the wastewvater pond and the soil in the former earthen separation pond
have the highest PCP concentrations. PCP in the groundvater is
primarily limited to the shallow monitoring wells nearest to the wood
treatment operation. PCP was also detected in one wellﬁscreened
exclusively in the Yorktown aquifér near the former conical burn pit
area. PCP does not appear to have impacted the surface water or
gediment of the intermittent stream or other surface water bodies near
the Saunders property. N

Lov levels of dioxin/furans were detected in the-background soil
sampling and most of the sediment samples. Dioxins/furans were not

detected in any of the water samples except for the water in the catch
basins. WVater from the catch basins was collected during a low flow
period. This required the mounding of the sediments in the catch basins
to-pool runoff water for sample collection. Sediment from the catch

basin was likely suspended in the water samples collected from these
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catch basins. Elevated concentrations of dioxin/furans were detected in
the runoff water in the catch basins, sediments of the wastewater pond,
and areas around the former earthen separation pond and conical burn
pit. Since burning activities were associated with the former earthen
separation pond and conical burn pit, it is not unexpected that

dioxin/furans are found in these areas.

10.3 PFATE AND TRANSPORT

Past practice was to locate treated lumber staging areas directly
on unpaved soils, alloving discharge of the PCP and CCA solutions
‘directly to site soils. This practice.provided a consistent source of
contamination to the surface soils and possibly subsequent downward
migration to the groundwater.

Past burning activities appear to have resulted in the creation of
dioxin/furans, which were déposited primarily on the surface soils
surrounding the burn areas. Estimated areal distribution of dioxin/
furans and PCP material through burning activities was modeled. The
observed high levels of dioxin/furans (as measured in TEFs) in the
wastevater pond sediments and surface soil appear to be related to the
areal distribution of the burn preduct.

Arsenic, chromium, and copper are still used in the wood treatment
process. The operation has decreased its impact on the site by staging
treated lumber on paved areas. Runoff from the paved areas is collected
and used as treatment water. -

The physical and chemical properties that tend to bind metals to
soils has resulted in minimal downward migration of inorganic contami-
nation, and most metal contamination is concentrated in the surface
goils immediately surrounding the actual wood treatment area. The
contaminants present in the surface soils can be suspended in the form
of dust raised into the air by on-site vehicular traffic. - Because
metals tend to adhere to soils, little metal contamination is noted in
the groundwater or surface water. Observed groundvater metal contami-
nation is limited and of relatively lov concentrations. Only the
monitoring wells screened in the shallowv soils with the highest metal
concentrations show any evidence of metal contamination. Arsenie,
chromium, and copper concentrations in the filtered groundwater from the

site do not exceed established groundwater regulatory limits.
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Surface water runoff from the site has the Potential to entrain
surface sediment. Since the surface soil has the highest concentration
of inorganic contaminants of.concern, it is.not surprising to see
relatively high arsenic and chromium concentrations in the runoff water.
Analysis of samples collected from the catch basins on the east side of
the site, which ultimately discharge to Cedar Creek, indicates that the
relatively elevated levels of arsenic detected in the filtered surface
water samples (9 to 15 ug/L) coliected from Ehé"dféinégé svale, which
ultimately discharges to Cedar Creek, may be the result of the runoff
water from the site. Surface soil contamination from the vestern
portion of the Saunders property has the potentlal to be discharged with
runoff water off the property to the intermlttent stream. Contaminants
that move to the intermittent stream have the potential to impact the
water quality of Godwin’s Millpond. However, direct site-derived
contamination was not evident in Godwin’s Millpond and Chuckatuck Creek.

In addition to metals, PCP and dioxin/furans found in the surface
soils also has the potential to be transported w1th the surface runoff
water. Elevated levels of TEFs in the surface water runoff collected
from the catch basins and elevated levels of PCP in the sediments from
the wastevater pond confirm this transport pathway.

PCP and dioxin/furans tend to sorb to soils; however, downward
migration may occur._ Since PCP was used in a No. 2 fuel o¢il base, PCP,
as a PCP/fuel oil mixture, may migféte do@ﬁ%ﬁr& fﬁrough unsaturated
soils as a nonagueous phase liquid. PCP vas found in the subsurface
soils and in the groundwater. Separate nonaqueous phase PCP was not
detected in collected groundwater samples, although the presence of
igolated pockets of nonaqueous phase PCP liquid (either in the ground-
water or vadose zone) cahnot be ruled out in areas not sampled (i.e.,
under the drip pad). The clay layer between the two aquifers has pro-
vided a barrier to contaminanf"migratioﬁ. However in areas where the
integrity of the confining clay layer has been compromised {preexisting

"wells screened across both aqu1fers), the potential exists for downwvard
migration of organic contaminants to the lower éonflned aquifer. PCP
detected in one lower aquifer well near the preexisting wells suggests

that this transport has occurred.
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10.4 BASELINE RISK AND ECOLOGICAL ASSESSMENT

Based on the information and observations and analytical data
gathered by the investigation, baseline risk to human health and the
surrounding ecological environment was assessed.

Both worker and residential risks were evaluated. Under current
land use conditions, estimated cancer risks for workers by all three
soil exposure routes--ingestion, dermal adsorption, and particulate
inhalation——-exceeded the benchmark level of 10°° as recognized by EPA
Region III. Similarly, under potential future on-site residential use
conditions, cancer risks for all three soil exposure routes also
exceeded the 10—6 benchmark. Arsenic and dioxin/furans soil concentra-
tions are the dominant contributing factors to the cancer risks for all
three soil exposure routes for both land use conditions.

Estimated cancer risks for residential groundvater usage, both
lower and upper aquifers, also exceeded the 10"6 benchmark.

None of the exposure pathways under current land use conditions
were estimated to result in potential exbosures to noncarcinogenic
contaminants that might produce adverse health effects. However,
potential exposure to noncarcinogenic contaminants could result in
adverse health effects should the Saunders property be converted to
residential use without prior remedial measures, if the groundwater from
the upper uni{ were to be used as a residential vater supply. The
hazard index for the upper aguifer was 12. .The hazard index benchmark
is 1. This condition is highly unlikely due to the limited groundwater
vield of this unit. Utilization of the lower unit, which has a hazard
index of less than 1, would not produce non-carcinogenic effects.

The ecological assessment has found evidence suggesting a potential .
for adverse ecological impacts in sediments of Godwin’s Millpond and
adjacent intermittent stream aquatic habitats, based on laboratory
toxicity tests and the paucity of aguatic macroinvertebrates. However,
the spatial extent of this contamination indicates a source(s) other
than Saunders. The spatial distribution in surface waters and sediments
does not provide any evidence that contaminants related to Saunders are
the causal agent of adverse ecological impacts. The status of aquatic
life in the area suggests that the health of the natural habitat is good
and that the suggested contamination may only be moderately affecting

10-8

AR301480




the ecosystem. Fish populations of recreational importance appear to be
adequate despite the observed contamination. Observations of the
terrestrial ecosystem also appear to be adequate and do not shov an

indication of adverse impacts.

10.5 CONCLUSIONS
' The RI has shown that activity on the Saunders property has con-
tributed to the contamination of site soils and groundwater beneath and
immediately adjacent to the Saunders property. The extended surrounding
environment, particularly Godwin's Millpond and Chuckatuck Creek,
appears not to be directly affected by contamination emanating from
Saunders. The impact observed on these systems appeafs to be a result
of all land use activity within the watershed area of the millpond and
creek.

The presence of contamination on the Saunders property currently
creates a potential health risk to the workers and impacts future use of
the property should it be considered for residential development. Also
the surface drainage to the eaét"éﬁﬁfiés-ih}o'a drainage swale of Cedar
Creek, hence extending possible current r;;@ beyond the immediate site
boundary. A

. It is recommeénded that the FS phase of the RI/FS process be
conducted to determine remedial alternatives for current and future
reduction of risk. Data limitations of this ihvestigation and guidance

toward recomnernded remedial action objectives are presented below.

10.5.1 Data Limitations and Recommendations for Future Work

Sampling methodologies and locations were selected based on the
best available data generated by previous site investigations. Vhere
necessary adjustments to actual field conditions were made in agreement
with EPA Region ITI staff and duly noted. 4All analytical data was
subjected to data validation in accordance with EPA guidance.

The aresl distribution of contaminants in the surface soil may be
overestimated due to the sample compositing within each area. Although
this method of sample collection has identified certain areas of
elevated contamination, it does not specifically locate where a concern
exists. Thus, depending on the extent of possible remediation, addi-

tional sampling may be appropriéte vithin the areas of concern and in
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adjacent properties to more definitively identify contamination.
Additionally, past cut and fill activities on the site have obscured the -

distribution of contaminants in site soils. These activities include

but are not limited to the rerouting of unimproved roads, building
construction, changes in the treatment process, elimination of the
earthen separation pond and the former conical burn pit, and the
creation of the wastewater pond. These conditions must be considered
when evaluating remedial alternatives to determine the extent of
verification sampling versus unit costs for soil remediation to assure
that the cost of sampling does not exceed the cost of remediation.

The monitoring wells indicate that most of the groundwater
contamination is limited to the area immediately adjacent to the wood
treating operations. PCP was the primary contaminant of ‘concern
detected in the monitoring wells. Only one well screened entirely in
the lower aguifer unit had concentrations of PCP above the MCL of 1
vg/L. This well was located very near to the wells installed in earlier
investigations. It is possible that the recovery well installed to
recover PCP actually accelerated PCP movement through the clay by
lowering the potentiometric surface of the lower aquifer unit,
increasing the head of the unconfined aquifer and facilitating downward ‘
groundwater and contaminant migfation through the clay. The preexisting
wells are not known to have been properly sealed and should therefore be
plugged to prevent direct communication between the two agquifer units.

Future considerations for any additional sampling should be
tailored to address data gaps that must be bridged to effectively treat
the observed contaminant distribution._ An example would be to collect
successive samples of the clay layer to be analyzed for PCP to evaluate
if PCP is migrating through the clay layer. If the PCP is rapidly
moving through the clay layer, then more than plugging of the existing
wells will be required to prevent leakage of contaminated groundwater
across the clay. To more effectively determine the partitioniﬁg of PCP
between the aguifer materials and the groundwater, saturated soil

samples should also be collected near the monitoring wells, analyzed for
PCP, and compared with groundvater PCP concentrations. Turbid water

samples distort reported contaminant concentrations. If the monitoring

wells cannot be adequately developed, then filtered samples should be —

collected. ‘
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10.5.2 Recommended Remedial Action Objectives.

Based on the results of this investigation, the development of
remedial alternatives (to be performed as part of the FS) should
consider corrective alternatives for arsenic, PCP, and dioxin/furans
contamination in site surface soils and surface runoff; PCP and dioxin/
furans contamination in site subsurface soils-and'sediments of the
wastevater pond and storm sewers; and PCP contamination in groundwater.

Anticipafing the potential for site remediation, several treat-
ability alternatives for soil and groundwater were screened during this
investigative phase. Incineration was found to be an acceptable tech-
nology for soil remediation. The 1eaéhabi1ity of PCP was also evaluated
under laboratory conditions simulating natural soil percolation. PCP
was found to be leachable, but most likely will be influenced by soil
type, requiring specific Solvent types to be determined. Biotreatabil-
ity tests were performed on soils obtained from the Saunders property.
From the collected soils a bacterial culture capable of degrading PCP
wvas developed. However, attéﬁﬁi%mio culﬁivafe the bacteria in moder-
ately contaminated soils coiiedteg;ﬁpom_thelSgggdg;s property failed.
The screening sfudy in&iﬁaéeﬁ that biodegradation may be ineffective at
the Saunders property, although additional studies would need to be
performed to confirm this. Groundvater evaluation vas limited to carbon
adsorption tests for the removal of PCP. This treatment alternative was
found to be acceptable. Bioﬁréaiébility ofigroundwater was considered
but not condugted due to the low concentrations of PCP detected in the
groundvater. -

As part.of the FS process, consideration must be given to the
potential presence of the Dismal Swamp southeastern shrew, and both
prehistoric and historic cultural resources thaFrmay be impacted during

remedial investigatioms.
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